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MUIR  GLACIER. 

Only  a few  years  ago,  geologically  speaking,  our  northern 
states  were  covered  with  ice  many  hundred  feet  deep,  extending 
within  twenty  miles  of  Bethlehem  and  sending  great  floods  down 
the  Delaware  to  overwhelm  the  man  who  dwelt  on  its  banks. 

Ten  thousand  years  ago  man  was  following  closely  the  melting 
ice,  and  to  this  day,  though  the  glacier  retires  farther  and 
farther  into  its  northern  and  mountainous  home,  thousands  take 
up  the  pursuit  each  summer,  the  great  Alaskan  steamers  being 
crowded  with  eager  tourists. 

The  first  known  of  that  greatest  of  Alaska’s  wonders,  the 
Muir  Glacier,  was  reported  in  the  account  of  Vancouver’s 
explorations  about  Sitka  in  1794,  where  he  describes  what  is 
supposed  to  have  been  Glacier  Bay  as  completely  filled  with  ice 
and  “ terminated  by  compact,  solid  mountains  of  ice  rising  per- 
pendicular from  the  water’s  edge.”  In  1879  the  glacier  was  first 
described  by  Professor  John  Muir,  who  spent  some  days 
wandering  over  the  ice,  a blanket  and  a few  biscuits  on  his  back 
and  only  the  ominous  roar  of  the  sub-glacial  waters  to  break  the 
solitude.  His  vivid  description,  seconded  by  the  tales  told  by 
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Dick,  or  “ Professor,”  Willoughby,  an  old  hunter  of  that  region, 
led  the  steamer  company  to  explore  the  bay,  and  now  every 
steamer  makes  the  extra  journey  of  fifty  miles  necessary  to  allow 
its  loads  of  tourists  to  set  foot  on  this  great  frozen  sea. 
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Map  of  Glacier  Bay,  Alaska,  and  its  surroundings.  Arrow  points  indicate  glacial  area.  (Courtesy 
of  Prof.  G.  F.  Wright.) 

As  the  steamer  turns  into  Glacier  Bay,  what  a marvelous  sight 
appears!  To  the  west  the  great  St.  Elias  Alps  tower  above;  Mt. 
Crillon  (15,900  feet  high),  Mt.  Fairweather  (15,500  feet  high), 
LaPerouse,  Lituya,  and  others  nearly  as  high,  covered  with  snow 
and  ice  to  within  four  thousand  feet  of  the  sea,  sending  immense 
glaciers  down  to  the  ocean  on  one  side  and  to  the  bay  on  the 
other. 
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A ring  of  peaks  from  eight  to  ten  thousand  feet  high  form 
the  background  to  the  north  and  east,  a few  of  them  bare  of 
snow,  but  only  because  so  precipitous.  And  now  while  we  speak 
a great  white  cloud  wraps  itself  gently  about  one  of  these  bare 
peaks  only  to  disclose  it  to  view  in  a few  minutes,  shrouded  in 
white  fresh  snow. 

From  the  flanks  of  these  mountains  come  great  frozen  rivers, 
flowing  steadily  though  slowly  on  to  meet  in  one  immense 
glacier  in  the  amphitheatre  below,  and  march  majestically  on  to 
the  front  to  join  in  the  cannonading  of  the  icebergs. 

At  the  head,  the  long,  narrow  bay  divides  into  two  inlets.  The 
next  one,  as  yet  not  named,  contains  several  glaciers  which  have 
not  been  explored.  The  Muir  Inlet,  to  the  east,  is  perhaps  five 
miles  long  and  two  to  three  miles  wide  ; on  either  side  mountains 
rise  abrubtly,  often  perpendicularly,  for  the  land  here  is  “ all  on 
end,”  as  is  the  whole  of  our  northwest  coast;  at  the  head  a wall 
of  blue  ice,  a mile  long  and  about  four  hundred  feet  high,  cut 
into  towers,  castles,  and  caverns,  threatens  with  groaning  and 
thundering,  as  prisms  from  the  size  of  a paving-stone  to  the  size 
of  the  Cologne  Cathedral  go  crashing  down  to  the  water, 
throwing  the  salt  spray  hundreds  of  feet  into  the  air,  sending 
forth  waves  to  lash  the  shores  throughout  the  bay  and  echoing 
among  the  mountains  as  a thunder-storm. 

These  icebergs  float  off  down  the  bay,  some  stranding  and 
melting  where  they  are  confined;  others,  pushed  about  by  wind 
and  tide,  form  impassable  jams,  ringing  merrily  as  the  waves  rock 
them  back  and  forth. 

The  ascent  of  one  of  the  neighboring  mountains  discovers  the 
home  of  the  mountain  sheep,  for  to  the  height  of  three  thousand 
feet  there  extends  a rich  carpet  of  grass,  and  many  familiar 
flowers,  as  the  epilobium,  golden-rod,  and  blue-bell,  remind  one 
of  home,  while  each  little  ravine  contains  its  snow-bank  and  the 
accompanying  pool  of  clear,  cold  water.  The  scene  from  here  is 
magnificent:  high  mountains  on  every  side,  and  nestled  at  our 
feet,  this  great  sea  of  ice  thirty  miles  in  diameter  and  formed  of 
many  branches,  any  one  of  which  is  as  large  as  the  Gomer  or 
Aletsch  of  Switzerland. 
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This  glacier  is  as  large  as  all  the  Alpine  glaciers  together, 
twelve  hundred  square  miles,  an  area  equal  to  Lehigh,  North- 
ampton, and  Carbon  Counties  combined,  and  a thousand  feet 
deep  at  the  mouth,  three  hundred  feet  above  water,  seven  hun- 
dred feet  perpendicular  below  the  surface.  It  contains  more 
water  than  Lake  Erie,  and  it  is  estimated  that  seventy-seven 
billion  cubic  feet  of  ice  are  discharged  into  the  bay  as  icebergs 
every  year,  and  no  less  than  one  hundred  and  seventy-five  billion 
cubic  feet  of  water  melt  from  the  surface  and  flow  into  the  bay  as 
sub-glacial  streams  in  a year. 

The  most  rapid  motion  is  from  the  north  through  the  centre, 
and  so  rough  is  the  ice  here  that  it  is  impossible  to  cross  it.  Im- 
mense crevasses,  ridges,  pyramids,  and  towers  are  mingled  in  the 
wildest  confusion,  as  in  a stormy  sea;  moraines  and  boulders — all 
that  dare  approach  are  swallowed  up  in  the  yawning  crevasse. 

The  ice  of  the  eastern  half  is  moving  much  more  slowly  and  is 
consequently  much  smoother,  broken  only  here  and  there  by  cre- 
vasses, so  that  one  may  walk  for  miles  up  the  glacier  at  a gradual 
ascent  of  one  hundred  feet  to  the  mile  until  the  neve  is  reached. 

During  the  summer  the  surface  disintegrates  and  melts  off  two 
inches  a day,  forming  thousands  of  little  rivers  flowing  in  all  di- 
rections and  joining  in  larger  streams  until  finally  they  reach  a 
crevasse  or  a round  deep  hole,  called  a moulin,  into  which  the 
waters  are  precipitated  to  join  the  rumbling  streams  beneath. 

While  the  surface  appears  white,  a glance  into  a moulin  tells  a 
different  story,  for  just  below  this  white  ice  a clear  sea-green  ap- 
pears, which  grows  darker  and  clearer  as  the  ice  is  thicker,  until 
an  intense  blue  beckons  us  to  the  crystal  depths. 

The  slower  moving  ice  is  often  heavily  loaded  with  stones  and 
earth,  for  of  course  each  branch  bears  two  loads  of  moraine  in  to 
the  great  basin,  and  this  protects  the  ice  from  the  sun  as  a blanket 
until  the  moraine  forms  a ridge,  and  on  this  ridge  each  large  stone 
by  further  protection  is  raised  on  a pillar  of  ice  often  several  feet 
above  the  general  level.  Here  are  collections  already  made  for 
the  geologists,  and  besides  granites,  some  peak  many  miles  back 
has  sent  specimens  of  silver  ore,  while  another  has  tried  to  rival 
Carrara  for  marble. 
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The  large  deposits  at  the  mouth  and  the  broken  character  of 
the  ice  remind  us  that  Mark  Twain  made  a mistake  in  that  he  did 
not  send  his  valise  down  by  the  Muir  instead  of  an  Alpine 
glacier. 


Map  of  Muir  Inlet,  showing  converging  moraines  and  form  of  front  in  1886.  A,  buried  forest ; B, 
base-line.  (Courtesy  of  Prof.  G.  F.  Wright.) 


When  Professor  Wright  tried  to  measure  the  motion  in  1886 
he  found  it  was  practically  impossible  to  set  a line  of  stakes 
across  the  glacier,  partly  because  the  surface  melts  off  so  rapidly, 
but  mainly  because  of  the  roughness  of  the  central  portions;  then, 
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after  a base-line  had  been  established  and  accurately  measured,  it 
was  suddenly  discovered  that  the  base-line  was  on  moraine- 
covered  ice  and  probably  moving.  Finally  a base-line  was  staked 
off  on  dry  land  and  measurements  taken  on  certain  peculiarly 
shaped  ice-pillars  at  various  distances,  and  the  angles  read  every 
four  days. 

Professor  Reid’s  party,  having  more  time  at  their  disposal,  were 
able  to  set  a line  of  stakes  across,  with  the  exception  of  a distance 
in  the  centre. 

The  motion  found  by  Professor  Wright  was  in  the  centre, 
about  sixty-five  feet  a day,  and  less,  of  course,  nearer  the  sides. 
That  seems  very  rapid  when  compared  to  the  Alpine  thirty-three 
inches  a day,  but  here  we  have  an  enormous  mass  of  ice  all 
crowding  through  a narrow  opening,  but  pressing  toward  that 
opening  from  every  side.  The  width  and  depth  of  the  ice  greatly 
reduces  friction. 

Since  the  Muir  glacier  was  measured,  a similar  rate  has  been 
found  in  a number  of  glaciers  in  Greenland,  and  in  one  case  a 
rate  of  ninety  feet  a day  was  found.  Such  a motion  may  be 
easily  seen  without  instruments  by  sighting  across  the  glaciers 
from  day  to  day.  In  1890,  when  Professor  Reid  measured  the 
motion,  the  front  was  found  to  have  retreated  more  than  half  a 
mile,  so  that  the  first  two  branches  barely,  if  at  all,  added  their 
pressure,  and  the  rate  was  increased. 

It  seems  very  probable  that  the  sub-glacial  streams  may  relieve 
the  friction  to  a certain  extent,  for  it  wras  found  that  the  motion 
near  the  front  wras  more  rapid,  not  exactly  in  the  centre,  but 
nearer  the  large  sub-glacial  streams  which  enter  the  inlet  toward 
the  sides,  and  the  fall  of  ice  was  much  more  frequent  near  these 
steams.  Many  small  streams  come  out  of  the  abrupt  front  wall 
of  the  ice  above  water,  forming  little  waterfalls,  and,  of  course, 
many  more  must  come  out  under  water,  but  the  two  most 
marked  are  near  the  corners  of  the  water-front.  These  make 
two  distinct  currents  for  some  distance  down  the  inlet. 

The  width  of  the  water-front  is  about  a mile,  but  the  whole 
width  between  the  mountains  at  the  mouth  is  about  two  miles. 
On  either  side  is  a triangular  patch  of  moraine  half  a mile  wide 
at  the  head,  in  which  the  glacier  ends,  and  extending  about  two 
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miles  down  the  inlet,  separating  the  water  from  the  foot  of  the 
mountains  but  narrowing  and  disappearing  beyond  that  point. 

Near  the  foot  of  the  mountain,  on  the  east  side,  a large  sub- 
glacial stream  bursts  forth,  under  a considerable  pressure,  so  that 
a column  of  water  three  feet  in  diameter  boils  up  to  a height 
of  about  four  feet;  then,  flowing  on  through  the  moraine,  it 
joins  the  inlet  half  a mile  below  the  ice-front.  A similar  stream 
has  cut  through  the  moraine  of  the  west  side,  exposing  the 
the  buried  forest,  which  will  be  described  later. 

All  these  streams  bring  into  the  inlet  an  immense  quantity  of 
fine  material,  more  than  four  hundred  grains  to  the  gallon,  ren- 
dering the  water  muddy  for  some  miles  below,  and  this  must 
tend  to  fill  up  the  bay  very  rapidly. 

Not  only  do  great  columns  of  ice  break  off  above  water  and 
become  bergs,  but  quite  often  large  blue  masses  rise  from  the 
bottom  and  these  usually  carry  quantities  of  debris,  locked  in 
their  embrace,  to  be  dropped  one  by  one,  as  the  berg  melts,  into 
the  fine  deposit  just  described.  Here  is  formed  what  is  known 
as  modified  drift. 

Examining  the  terminal  moraines  at  the  sides,  we  find  very  few 
scratched  stones  and  very  little  chance  to  study  the  deposits  made 
beneath  the  ice,  for  it  is  all  covered  by  the  coarse  material  of  sur- 
face moraines.  Boulders  of  all  shapes  and  sizes,  sharply  angled 
and  mixed  with  very  little  fine  clay,  very  different  in  appearance 
from  the  till  near  Belvidere,  yet  having  the  same  unstratified, 
plums-in-a-pudding  character. 

It  seems  that  the  glacier  has  been  receding  for  many  years,  and 
as  it  has  retreated  the  side  streams  have  cut  new  and  shorter 
channels  successively  until  there  are  now  on  the  east  side  nearly 
a dozen  such  empty  channels  and  as  many  parallel  ridges.  The 
ice  does  not  retreat  steadily,  but  after  making  a considerable  de- 
posit at  one  point  it  suddenly  melts  back  a certain  distance,  to 
remain  at  that  point  for  a while  and  then  make  another  retreat. 
This  may  be  seen  very  plainly  in  the  Chamounix,  also  in  the  mo- 
raine lines  found  by  Mr.  Upham  in  Minnesota,  and  just  now  re- 
ported by  Mr.  Leverett  from  Ohio.  In  this  process  of  melting, 
large  portions  of  ice,  thickly  covered  with  debris,  become  entirely 
detached  from  the  main  stream,  and  last  a long  while,  so  that 
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what  seems  to  be  old  moraine  often  has  an  ice  base.  As  this  ice 
melts,  the  debris  slides  down  to  form  a ring  of  material  about  the 
sides,  then  when  the  ice  is  all  gone  we  find  just  such  hollows  as 
may  be  seen  so  abundantly  along  the  terminal  moraine  of  the 
great  ice  sheet  in  Pennsylvania. 

The  formation  of  the  ridges,  called  kames,  is  very  well  illustrated 
in  the  stream  flowing  through  the  moraine  of  the  west  side,  where 
for  some  distance  it  passes  through  an  ice  tunnel.  The  top  of 
this  tunnel  is  broken  through  for  a considerable  distance,  and 
debris  sliding  in,  forms  a long,  narrow  ridge. 

One  form  of  deposit,  which  has  led  to  great  misunderstanding 
as  found  in  the  states,  is  shown  at  the  Muir  glacier,  but  not  so 
well  as  that  found  by  Mr.  Russell  in  the  summer  of  1891  on  the 
Malaspina  glacier  near  Mt.  Saint  Elias.  Sometimes  the  surface 
water,  unable  to  find  escape,  is  held  backed  up  into  a lake  against 
the  mountains  at  the  side,  there  to  form  a true  lake  terrace.  This 
may  explain  many  of  the  high  level  terraces  found  in  the  glaciated 
area,  without  the  great  submergence  sometimes  claimed.  Mr. 
Cushing,  who  visited  the  glacier  with  Prof.  Reid  in  1890,  describes 
several  of  these  lakes  as  found  near  the  heads  of  valleys  of  the 
eastern  side.  He  finds  that  many  of  the  smaller  branches  are 
retreating  down  their  valleys,  instead  of  up,  and  the  upper  end  is 
melting  more  rapidly  than  the  lower  end,  so  that  the  surface  ac- 
tually descends  toward  the  head,  the  result  being  that  the  sur- 
face water  flows  to  the  head  of  the  valley,  there  to  form  a lake. 

While  most  of  the  northwest  coast  is  well  wooded,  Glacier  Bay 
is  quite  free  from  heavy  vegetation,  so  that  one  might  well  dread 
lack  of  fuel  but  for  the  fact  that  large  quantities  of  dry  wood  may 
be  found  in  the  moraine.  The  stream  which  cuts  through  the 
moraine  of  the  west  side  has  uncovered  an  ancient  forest,  buried 
deep  in  the  glacial  sands.  On  the  lee  side  of  a projecting  shoulder 
of  the  mountain  just  west  of  the  mouth  is  found  first  a stiff  blue 
clay  of  wavy  surface,  evidently  eroded  and  covered  by  several 
inches  of  peat,  containing  well  preserved  cones  and  branches  of 
spruce.  Rooted  in  this  peat  and  sending  their  roots  far  into  the 
blue  clay  are  many  stumps  or  trunks  of  trees  of  various  sizes, 
from  an  inch  or  two  to  more  than  a foot  in  diameter,  quite  bare 
of  bark  and  invariably  broken  off  at  a height  of  ten  to  twenty  feet 
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and  the  top  bruised  in  the  direction  down  the  inlet.  This  forest 
has  been  covered  to  a depth  of  nearly  a hundred  feet  by  the  fine 
sand  of  a portion  of  the  moraine,  which  extends  several  miles 
down  the  inlet,  on  that  side,  at  a constantly  decreasing  altitude. 
The  fact  is  that  since  these  trees  grew  the  glacier  has  advanced 
until  it  glided  over  the  trees  and  over  this  whole  moraine,  then  it 
has  receded  again  and  a little  stream  is  now  doing  what  the  great 
glacier  could  not  do,  root  out  the  trees. 

Formerly  geologists  supposed  that  a glacier  must  plow  up 
everything  in  its  way  to  the  very  bottom  and  grind  off  enormous 
quantities  of  rock,  but  observation  of  the  Muir  glacier  seems  to 
show  that  the  action  of  ice  is  rather  of  smoothing  and  polishing, 
little  at  a time  but  steadily. 

This  is  seen  at  the  west  side  of  the  ice-front  where  the  ice  rests 
on  the  moraine,  which  it  has  passed  over  without  marked  dis- 
turbance. How  long  the  ice  may  have  passed  over  the  buried 
forest,  or  how  old  the  trees  are,  can  not  be  certainly  stated,  but  the 
ice  must  have  filled  Glacier  Bay  since  the  trees  grew,  and  that 
must  have  been  several  hundred  years  ago — and  may  have  been 
several  thousand.  Yet  the  wood  is  now  so  fresh  that  it  might 
well  be  but  a few  years  old.  That  the  ice  filled  Glaciar  Bay  with- 
in a few  hundred  years  is  very  evident  from  the  condition  of  the 
vegetation,  for  there  are  no  trees  nearer  than  Beardslee  Islands, 
though  the  conditions  are  very  favorable.  The  smaller  vegeta- 
tion has  spread  more  rapidly  and  covers  the  mountains,  while  it 
is  gaining  some  foothold  on  the  moraines  about  the  mouth.  Here 
the  plants  grow  less  in  quantity  and  variety  nearer  the  glacier,  un- 
til within  half  a mile  of  the  ice  no  plants  are  found.  Again  the 
mountain  sides  are  very  handsomely  grooved  to  a height  of  three 
thousand  feet,  and  even  the  polish  is  well  shown,  though  rocks 
in  this  atmosphere  disintegrate  very  rapidly.  Debris,  too,  can  be 
found  at  a height  of  three  thousand  feet,  and  Vancouver’s  descrip- 
tions seem  to  show  that  the  ice  in  his  time,  though  not  filling  the 
bay,  extended  much  farther  down.  Not  only  has  the  glacier  re- 
treated a long  distance  since  Vancouver’s  time,  but  it  is  now  re- 
treating very  rapidly.  Photographs  taken  by  Professor  Reid’s 
party  in  1890  show  that  the  front  has  receded  about  three  thou- 
sand feet  in  four  years,  and  the  steamer  company  report  that  since 
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1883  it  has  receded  over  a mile.  The  ice-front  has  decreased  in 
thickness  also,  for  it  is  now  at  the  same  height,  above  water,  three 
hundred  feet,  but  back  at  a point  which  was  four  hundred  feet 
high  in  1886.  Mr.  Cushing  shows  that  the  glacier  is  dying  out, 
about  the  heads,  with  equal  rapidity,  so  that  the  ice  retreats  from 
the  mountains  into  the  basin  and  the  source  of  supply  is  cut  off. 

After  this  brief  summary  of  the  results  of  the  scientific  in- 
vestigations on  the  Muir  glacier  during  the  last  few  years,  perhaps 
the  confidence  in  our  facts  will  not  be  shaken  by  a touch  of  the 
supernatural.  A few  years  ago  a couple  of  hunters,  wandering 
over  the  hills  near  Glacier  Bay,  were  suddenly  surprised  by  the 
sight  of  a great  city  of  regular  streets  and  brick  blocks  reflected 
in  the  sky  over  the  Muir  glacier,  which  disappeared  as  they 
approached.  When  this  was  reported  some  eager  miners  set  out 
for  the  glacier  with  a pan  of  quicksilver.  This  they  set  up  near 
the  ice,  and  on  looking  into  the  brilliant  surface  they  too  saw 
this  phantom  city  reflected  from  the  depths  of  the  muddy  waters 
of  the  bay,  first  to  the  sky,  then  to  their  pan  of  quicksilver.  So 
wonderful  a sight  did  not  satisfy  one  of  the  miners,  and  by  a 
hard  day’s  climb  he  was  finally  allowed  to  wander  through  the 
streets  of  this  cold  and  silent  city.  He  found  the  buildings  were 
made  of  petrified  wood  encased  in  ice,  and  the  streets  were  often 
so  blocked  with  ice  as  to  bar  passage,  but  the  fearful  silence  soon 
frightened  him  and  he  fled  away  to  return  to  his  companions. 
The  final  proof  of  the  existence  of  this  city  was  in  the  shape  of 
a photograph  of  it  taken  by  Dick  Willoughby.  This  photo- 
graph, to  be  sure,  looks  like  a fogged  plate  of  Bristol,  England, 
but  who  can  refuse  to  believe  in  this  mysterious  frozen  city  as  he 
buys  a photograph  of  Mr.  Willoughby  and  hears  his  description 
of  it?  S.  P.  Baldwin. 


A FEW  REMARKS  ON  THE  OUTPUTS  AND  FUEL  CONSUMP- 
TION IN  A BLAST  FURNACE. 

This  is  preeminently  a record-breaking  age — a tendency  "Which 
manifests  itself  not  only  in  closely  bred  trotters,  swift  ocean  grey- 
hounds, and  the  well-appointed  Empire  State  Express,  but  as 
conspicuously,  as  in  any  field,  is  this  true  of  the  blast  furnace, 
especially  of  American  practice  during  the  past  ten  years. 
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To  justify  these  remarks,  I quote  the  following  from  Mr.  Gay- 
ley’s  paper  read  at  the  American  meeting  of  the  British  Iron  and 
Steel  Institute,  October,  1890:  “In  1876  an  average  production 
of  2264  tons  a month  on  a coke  consumption  of  3000  pounds  per 
ton  of  metal  made  was,  in  a 75-foot  furnace,  considered  good 
work.”  Now  (1891)  in  the  best  modern  coke  practice  an  average 
of  369  tons  (2240  pounds)  a day,  on  a fuel  consumption  of  0.8 
pounds  coke  per  pound  of  metal,  has  been  continued  for  over  a 
month,  the  furnace  performing  this  latter  feat  being  90'  high 
and  with  diameters  at  bosh  and  well  of  22'  and  1 1'  respectively. 

It  is  along  these  paths  of  large  outputs  on  a single  lining  (in 
the  shortest  time),  and  a low  fuel  consumption,  that  these  strides 
of  advancement  have  been  principally  made. 

The  first  of  these  goals  is  a questionable  advantage  in  many 
eyes  in  conservative  England:  they  prefer  to  take  10  or  12  years 
in  making  the  same  amount  of  iron  we  make  in  two  or  three. 
From  our  standpoint  it  is  better  to  make  224,795  tons  of  metal  in 
2 years,  7 months,  and  10  days  than  in  7 years  and  10  months — 
even  though  it  is  necessary  for  us  to  re-line  our  furnaces  twice 
as  frequently  as  they  do.  The  American  plan  offers  the  advan- 
tage of  the  use  of  the  latest  ideas  a short  time  after  their 
announcement. 

In  American  practice  iron  is  made  as  rapidly  as  possible  when 
there  is  a demand  for  it,  and  then  the  furnaces  go  out  of  blast 
when  there  is  none.  The  furnace  men  of  Cleveland,  and  through- 
out England  generally,  who  run  continuously  in  dull  and  pros- 
perous seasons,  are  frequently  compelled  to  stock  a great  deal  of 
pig  metal  when  there  is  no  demand  for  it;  thus  they  are  subjected 
to  the  expense  of  an  extra  handling  of  the  product  and  the  incon- 
venience of  idle  capital — not  to  mention  the  disadvantage  they 
may  labor  under  in  being  four  years  behind  the  times.  The  two 
methods  pursued  are  entirely  typical  of  the  nations ; we  should 
expect  in  progressive  centers  to  have  money  turned  over  more 
frequently  than  in  conservative  communities. 

Large  Outputs. 

The  periods  of  advancement  of  increase  in  outputs  and  decrease 
in  fuel  consumption,  as  stated  by  Mr.  Gayley  in  his  paper,  read  as 
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follows:  “In  1880,  the  practice  was  introduced  of  rapid  driving 
with  large  outputs  and  high  fuel  consumption;  in  1885,  we  have 
the  production  of  an  equally  large  amount  of  iron  with  low  fuel 
consumption  by  slow  driving,  and  third,  in  1890,  we  have  nearly 
double  that  quantity  of  iron  on  a low  fuel  consumption  through 
rapid  driving.”  But  this  statement,  however  comprehensive, 
probably  does  not  convey  much  to  one  unfamiliar  with  the  prac- 
tical workings  of  a furnace,  so  I will  mention  a few  of  the  con- 
siderations which  influence  outputs. 

By  rapid  driving  is  meant  the  introduction  of  a large  quantity 
of  air  at  the  tuyeres.  It  can  readily  be  seen  that  the  more  rapidly 
reducing  gas  is  made  the  more  metal  we  will  have  reduced  in  a 
given  time.  So  considerable  attention  has  been  paid  to  the  engines 
which  supply  the  blast.  At  the  Edgar  Thomson  furnaces  there 
are  five  vertical  Allis  engines  (Corliss  valve  motion  with  blast 
cylinder  84/'  x 60",  and  steam  cylinder  40"  x 60")  for  a pair  of 
furnaces.  One  of  these  engines  is  for  use  in  emergencies,  and 
while  the  others  are  being  repaired. 

It  can  also  be  seen  that  in  order  to  make  as  much  iron  as  pos- 
sible the  blast  should  be  shut  off  as  seldom  as  possible  and  for  no 
longer  a period  than  is  absolutely  necessary.  The  importance  of 
this  will  be  realized  when  it  is  remembered  that  a stop  in  the  blast 
of  six  minutes  in  a furnace  making  240  tons  a day  means  the 
price  of  a ton  of  metal — $15  and  $18.  So  deep  and  wide  wells* 
are  thought  desirable : they  lessen  the  number  of  casts  necessary, 
and  consequently  save  time  and  labor,  for  at  the  end  of  each  cast 
the  blast  is  taken  off  from  five  to  ten  minutes  in  stopping  up  the 
hole.  In  changing  tuyeres,  by  a proper  system,  not  more  than 
three  or  four  minutes  need  be  taken  up ; this  caution  against 
wasting  time  when  the  blast  is  off  is  applicable  in  many  instances 
and  can  not  be  too  strongly  emphasized. 

In  the  lines  of  the  furnace  there  is  not  a concurrence  of  opinion, 
but  a cubical  capacity  of  18,000  to  19,000  cubic  feet;  a height 
between  8o'  and  90',  bosh  not  less  than  20'  diameter,  and  well 
not  less  than  1 1 ',  and  the  angle  of  the  bosh  varying  between  75 0 

* This  is  not  the  chief  argument  in  favor  of  large  diameter  of  wells — the 
larger  the  well  diameter  the  larger  the  amount  of  coke  burnt  in  a given  time, 
and  the  more  rapidly  the  furnace  will  drive. 
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and  85°  are  the  limits  of  the  variations  in  the  construction  of  the 
best  modern  coke  furnaces. 

The  hoists  should  have  an  ample  carrying  power,  and  the  bar- 
row-men should  never  keep  the  hoist  waiting;  ore  should  be 
charged  into  the  furnace  just  as  rapidly  as  it  will  take  it.  Some- 
times, when  the  furnace  is  drawing  very  rapidly,  the  barrow-men 
have  difficulty  in  keeping  it  full;  at  other  times,  when  the  furnace 
is  hanging,  an  hour  or  so  may  elapse  before  any  ore  can  be  taken 
at  all,  but  in  coke  practice  such  instances  should  be  rare. 

However,  this  question  of  large  outputs  is  largely  dependent 
upon  the  burdening.  Ores  that  are  difficult  to  reduce  must  re- 
main in  the  furnace  a long  time — the  stock  does  not  settle  so 
rapidly  and,  consequently,  less  iron  is  made  than  with  easily 
smelted  ores.  Such  is  the  case  with  specular  ores,  magnetites, 
and  most  markedly  the  case  with  manganese  ores  in  the  manu- 
facture of  ferro-manganese  and  spiegeleisen.  A furnace  capable 
of  making  250  tons  a day  of  Bessemer  pig  (with  .100%  phos. 
and  1.3 % silicon)  could  not  be  expected  to  make  more  than  90 
tons  ferro-manganese  in  the  same  time. 

From  lean  mixtures  (per  cent,  of  iron  in  the  ores  used  averag- 
ing, say,  about  35  per  cent.),  the  same  results  are  not  obtainable 
as  from  furnaces  using  lake  ores  and  a mixture  yielding  60  per 
cent,  metal.  This  follows  because  the  space  and  heat  which 
might  be  utilized  by  oxide  of  iron  is  taken  up  by  cinder  (slag). 
A spiegel  furnace  making  4.33  tons  slag  for  every  ton  of  metal 
made  would  not  surprise  any  one  by  small  outputs,  and  similarly 
the  English  making  28  cwt.*  cinder  per  ton  of  metal  can  not 
rival  our  production  with  10.7  cwt.*  cinder  per  ton  metal  made. 

Soft  ores  which  pack  and  won’t  allow  an  easy  flow  of  gas 
through  the  furnace  (such  as  blue-billy,  roasted  iron  pyrites)  are 
hindrances  to  rapid  driving  if  used  in  excess,  and  too  much  lump 
ore  does  not  allow  the  greatest  production  to  be  obtained. 

Coke  as  the  fuel  is  the  most  conducive  to  rapid  driving  and 
large  production,  and  of  cokes  Connelsville  has  long  been  pre- 
ferred by  furnacemen,  because  of  its  great  strength  and  hard- 
ness, qualities  which  more  than  compensate  for  its  high  ash — 


* See  Sir  Lowthian  Bell’s  comment  on  Mr.  Gayley’s  paper. 
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ii  to  14  per  cent.  — and  low  carbon.  Anthracite  next  to  coke 
is  the  fuel  best  adapted  for  the  production  of  pig  iron,  although 
anthracite  alone  is  seldom  used  nowadays,  even  in  the  anthra- 
cite regions  a mixture  of  one-quarter  coke  being  usually  pre- 
ferred. Seven  hundred  tons  a week  in  anthracite  practice  com- 
pared to  anthracite  practice  of  ten  years  ago  shows  the  same 
advancement  as  we  find  in  coke  practice. 

Charcoal  furnacing  ends  the  list  with  the  least  production ; 
the  methods  pursued  in  its  manufacture  are  usually  as  antiquated 
as  philanthropic.  It  is  related  that  a certain  furnace  in  Maryland 
was  banked  every  Saturday  night  so  the  working-men  could 
have  a holiday  on  Sunday.  Not  having  much  sulphur  to  carry 
away  from  the  iron,  a much  more  acid  cinder  can  be  used  in 
charcoal  furnaces  than  is  permissible  with  coke  and  anthracite 
as  fuels. 

The  metal  desired  influences  greatly  the  amount  produced — 
metals  demanding  great  heat  expenditures,  such  as  ferro-man- 
ganese  and  ferro-silicon,  can  not  be  produced  so  rapidly  as  white 
iron  or  Bessemer  with  1 % silicon. 

In  connection  with  the  use  of  lean  ores,  it  should  be  added  that 
while  generally  it  is  well  to  use  ores  with  as  little  silica  in  them 
as  possible  there  is  such  a thing  as  too  rich  a mixture ; some 
lake  ores  containing  about  1.8%  silicon,  if  used  alone,  would 
hardly  furnish  sufficient  cinder  to  save  the  walls  of  the  furnace, 
or  to  cover  the  molten  iron  and  prevent  its  oxidation  by  the  blast. 
The  less  cinder  made  the  less  the  expense  of  hauling  it  away,  and 
this  in  these  days  of  large  outputs  is  a factor  which  can  not  be 
ignored  and  is  but  another  argument  for  using  rich  ores. 

These  are  some  of  the  considerations  which  suggest  them- 
selves in  trying  to  make  a great  deal  of  pig  iron.  Many  are  ap- 
plicable to  economy  in  fuel  consumption  and  some  remarks  con- 
nected with  cutting  down  the  amounts  of  coke  consumed  are 
applicable  to  large  outputs. 


Fuel  Consumption. 


Two  very  important  steps  in  diminishing  the  quantity  of  coke 
required  for  the  production  of  a ton  of  metal  are,  heating  the  blast 
and  increasing  the  height  of  the  furnace.  Mr.  Bell  in  his  “Chem- 
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ical  Phenomena  in  a Blast  Furnace”  shows  the  enormous  economy 
possible  if  we  could  only  give  a sufficiently  high  temperature  to 
the  blast;  but  limits  are  set  in  this  direction  by  the  durability  of 
our  iron  pipes,  or  firebrick  stoves.  As  it  is,  we  owe  much  to 
the  discovery  of  Neilson  and  the  improvement  brought  out  by 
Aubstot  of  using  the  waste  gases  for  heating  the  blast. 

Height  of  Furnace. — At  first  glance  it  would  seem  that  if  the 
furnace  were  only  sufficiently  high  the  gases  coming  off  would  be 
almost  cold  and  the  efficiency  of  the  blast  furnace  as  a heat  engine 
be  greatly  increased.  Mr.  Bell  has  shown  that  there  are  other 
facts  to  be  considered  and  75  to  80  feet  are  the  limits  in  height 
so  far  as  economy  in  full  is  concerned. 

The  remarks  made  concerning  the  use  of  such  ores  are  especi- 
ally applicable  here.  Probably  the  shortest  way  to  illustrate  this 
would  be  in  parallel  columns  which  are  taken  from  Mr.  Bell’s 
comment  on  Mr.  Gayley’s  paper : 


Fusion  of  slag  made  in  producing 

English 

Practice. 

Calorics 

consumed. 

American 

Practice. 

Calorics 

consumed. 

one  ton  of  metal,  . 

Carried  off  in  gases  for  one  ton 

. I54OO 

5890 

metal  made,  .... 

Total  heat  requirements  for  one 

7166 

3843 

ton  of  metal  made, 

• 88557 

69424 

From  these  figures  it  may  be  seen  that 

in  the  above  mentioned 

American  practice  not  more  than  seven-ninths  as  much  coke 
would  be  necessary  (if  we  used  the  same  coke)  as  is  required  in 
English  furnaces,  and  it  is  also  evident  that  the  difference  lies 
chiefly  in  the  fact  that  they  have  more  slag  to  fuse;  they  use 
poorer  ores. 

Moisture  in  its  decomposition  consumes  heat — some  ores  con- 
tain 13%  moisture  and  others  hygroscopic  water.  In 

winter  there  is  less  moisture  in  the  air  than  in  summer.  These 
facts  influence  coke  consumption.  Where  possible,  use  a sil- 
iceous cinder,  as  in  charcoal  practice  where  there  is  but  little 
sulphur  to  remove,  for  we  know  from  Akerman  and  Plattner  that 
they  are  more  fusible  than  mere  basic  cinders. 
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Use  hard  coke — it  resists  the  dissolving  action  of  C02  in  the 
upper  part  of  the  furnace,  and  so  allows  us  to  obtain  the  greatest 
efficiency  from  the  fuel  by  being  burnt  at  the  tuyeres.  Anthra- 
cite can  not  boast  such  low  figures  as  coke  practice  and  a great 
many  charcoal  furnaces  using  cold  blast  can  not  fairly  be  com- 
pared with  coke  furnaces. 

Magnetites  and  specular  ores  require  more  fuel  than  soft  hema- 
tites, and  the  grade  of  iron  desired  influences  the  heat  require- 
ments. 

In  running  the  furnace  try  to  cut  down  the  per  cent.  CO  in  the 
escaping  gases  ; it  is  never  economical  to  turn  the  blast  furnace 
into  a gas  producer. 

And,  in  conclusion,  it  should  be  stated  that  until  a furnace  has 
formed  her  own  lines — the  best  results  in  fuel  economy  can  not  be 
obtained  when  the  lines  have  been  formed — there  is  a period  of 
good  results,  followed  finally  in  old  age  by  a constantly  increas- 
ing coke  consumption,  until  eventually  it  is  more  economical  to 
tear  the  furnace  down  and  reline  it  than  submit  to  the  robbery 
of  coke. 

To  most  of  the  students  at  college  the  elaborate  experiments  of 
Messrs.  Bell,  Schurz,  Gruner,  and  de  Vathaire  are  so  difficult  to 
comprehend  and  require  such  long  hours  of  application  to  master 
them  that  little  time  is  left  to  consider  the  data  comprehensively 
— or  what  possible  use  can  be  made  of  the  information?  Conse- 
quently a feeling  of  blankness  comes  over  most  of  us  in  the  first 
year  or  two  after  our  exit  from  college — which  is  not  pleasant,  to 
say  the  least. 

It  is  in  the  hope  of  alleviating  in  some  measure  the  painfulness 
of  the  transition  from  a student  to  a carver-out  of  ideas  that 
this  article  was  written.  F.  L.  Grammer,  ’89. 


FRENCH  ROADS,  THEIR  ADMINISTRATION,  CONSTRUCTION, 
AND  MAINTENANCE. 

By  Prof.  Frank  H.  Neff,  Member  of  the  Civil  Engineers’  Club  of  Cleveland. 

(Read  November  10,  iSgi.) 

The  first  great  roads  of  France,  as  is  indeed  the  case  in  other 
countries  of  Europe,  were  of  Roman  origin,  and  were  built  by 
them  for  the  purpose  of  maintaining  their  military  supremacy. 

But  the  present  system  of  public  highways,  of  which  France 
may  so  justly  be  proud,  is  of  much  more  recent  origin,  although 
not  by  any  means  of  sudden  growth.  But  rather  the  result  of 
the  experience  and  investigation  of  their  best  engineers  for  a 
century  back. 

As  far  back  as  the  XIII  century  we  find  that  they  were  already 
occupied  with  the  classification  of  the  then  existing  roads.  By 
degrees  the  lines  separating  different  classes,  which  at  first  must 
have  been  more  or  less  vague,  became  well  defined  as  roads 
were  constructed  to  be  of  one  class  or  another. 

So  today  we  find  three  distinct  classes  of  roads  : 

(1)  National  Roads  (Routes  Nationales). 

(2)  Departmental  Roads  (Routes  Departmentales). 

(3)  Vicinal  or  County  Roads  (Chemin  Vicinaux). 

The  third  class  is  again  divided  into  three  classes,  according 
as  the  roads,  as  a means  of  communication  between  several  large 
communes,  join  small  ones  only  or  are  a part  of  those  belonging 
to  a single  commune. 

A word  about  the  general  plan  of  government  of  France  and 
the  division  of  its  territory  may  help  to  better  understand  the 
lay  of  the  ground. 

France  is  divided  into  87  departments,  as  they  are  called, 
governed  by  a prefect,  who  is  appointed  by  the  general  govern- 
ment. He  is  assisted  by  a prefect  council  and  by  sub-prefects 
who  have  the  charge  of  arrondissements. 

These  87  departments  are  divided  into  362  arrondissements, 
being  about  four  (4)  to  a department. 

The  arrondissements  are  divided  into  2365  cantons,  about  8 
cantons  to  each  arrondissement. 
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Cantons  are  again  divided  into  communes,  36,072  in  number, 
or  about  13  to  a canton. 

The  total  area  of  France  is  204,000  sq.  miles,  so  that  the  average 
area  of  a commune  is  about  5^  sq.  miles. 

The  total  population  is  about  38,000,000,  so  that  the  popula- 
tion of  the  communes  will  average  about  1000  people. 

The  National  Roads  are  such  as  were  built  principally  for  mili- 
tary purposes.  Their  entire  cost  of  construction  and  expense  of 
maintenance  are  borne  by  the  general  government. 

As  France  has  changed  her  form  of  government  from  time  to 
time,  these  roads  have  been  successively  called:  Imperial, 

Royal,  and  National  Roads. 

Their  total  length  is  about  24,000  miles. 

The  Departmental  Roads  compose  a separate  system  in  each 
department.  They  connect  its  principal  cities  and  are  designed 
with  the  best  interests  of  that  entire  department  in  view. 

They  are  opened,  constructed,  and  maintained  at  the  expense 
of  the  department. 

They  comprise  altogether  about  24,000  miles. 

In  the  last,  but  by  many  times  the  most  important  class,  both 
from  the  extent  and  utility  of  the  roads  classed  therein,  are  the 
county  roads  or  chemins  vicinaux.  For  naturally  with  the 
advent  of  railroads  and  the  adoption  of  narrow-gauge  systems  in 
the  departments,  as  has  been  done  there,  the  need  of  a means  of 
transport  for  troops  and  merchandise  at  long  distances,  which 
called  into  existence  national  and  departmental  roads,  has  been 
much  better  met  by  the  railroad,  so  that  their  growth  has  been 
of  little  importance  since  the  invention  of  the  latter. 

But  as  one  might  expect,  just  the  opposite  effect  was  produced 
upon  the  development  of  the  local  roads.  Increased  and  cheaper 
transportation  has  brought  hitherto  inaccessible  markets  within 
reach,  and  made  good  roads  for  reaching  the  railroads  a thing  to 
be  desired,  so  that  these  county  or  vicinal  roads  have  a length 
of  about  368,000  miles,  which  does  not  include  the  roads  within 
the  limit  of  the  village. 

These  roads  are  built  and  maintained  by  the  communes  through 
which  they  run,  a road  joining  two  communes  being  owned 
and  maintained  by  each  as  far  as  their  common  boundary. 
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The  familiar  maxim  of  a “ stitch  in  time  ” is  characteristic  of 
the  system  employed  by  the  French  in  the  maintenance  of  their 
roads. 

It  was  in  1818  that  this  maxim  was  first  used  in  connection 
with  the  maintenance  of  roads.  At  that  time  an  inquiry  was 
being  made  into  methods  (of  construction  and  maintenance),  and 
a Mr.  Walker  in  a speech  said  that  “a  stitch  in  time”  was  the 
maxim  of  all  good  housekeepers,  and  why  not  apply  it  to  roads  ? 
Since  then  the  principle  of  “a  stitch  in  time”  has  been  adopted 
by  engineers  to  denote  that  system  which  means  constant  inspec- 
tion and  repair.  You  can  see  that  the  application  of  such  a 
principle  must  require  a large  force  of  workmen. 

To  repair  at  once  any  degradation  of  the  surface,  or  to  remove 
at  once  any  mud  that  may  result  from  protracted  bad  weather, 
requires  that  workmen  be  distributed  along  the  road  to  take  the 
timely  stitch. 

The  care  of  the  national  roads  is  a large  part  of  the  duties  of 
the  “ engineers  of  bridges  and  roads  ” (Ingenieurs  des  Ponts  et 
Chaussees)  and  belongs  to  the  portfolio  of  the  Minister  of  Public 
Works. 

In  each  department  there  is  appointed  by  the  Minister  of  Pub- 
lic Works  an  engineer  in  chief,  who  has  the  direction  and  respon- 
sibility of  the  works  of  maintenance  of  such  portion  of  the 
national  roads  as  lie  within  that  department.  He  is  also  placed 
in  charge  of  some  other  work  in  that  department : either  of 
railroads,  navigation;  either  canals  or  river  improvements  or  the 
.care  of  the  seaports  if  such  lie  in  that  department.  Sometimes  he 
is  also  in  charge  of  the  department  roads  and  in  a few  cases 
with  the  county  roads  as  well;  under  him  are  several  engineers  in 
ordinary  (Ingenieurs  Ordinaires),  who  aie  employed  only  in  a cer- 
tain section  of  the  department,  each  one  having  charge  of  the 
work  in  an  arrondissement.  There  they  direct  the  repairs  ac- 
cording to  the  general  plans  of  their  chief,  but  at  the  same  time 
they  are  allowed  a considerable  liberty  to  display  their  ability  or 
originality,  and  follow  out  their  own  ideas  in  the  details  of  the 
work. 

Their  duties  require  them  to  visit  carefully  at  least  four  times  a 
year,  oftener  if  necessary,  every  road  confided  to  their  care. 
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The  next  grade  below  that  of  engineer  in  ordinary  is  that  of 
Conductor  or  Assistajit  Engineer. 

The  conductor  has  a subdivision,  comprising  a length  such 
that  he  may  be  able  to  inspect  it  in  detail  at  least  twice  each 
month  and  still  have  sufficient  time  to  attend  to  the  other  require- 
ments or  the  service  with  which  the  chief  is  charged — i.  e of 
bridges — railroads — canals — seaports,  etc.  His  subdivision  com- 
prises usually  from  25  to  50  miles  of  road,  according  to  the  dis- 
tribution and  the  complexity  of  the  maintenance,  and  of  other  de- 
tails connected  with  them. 

The  conductor  makes,  as  I have  said,  semi-monthly  inspections 
of  the  roads  under  his  charge — and  further,  he  makes  his  tours 
of  inspection  on  foot.  He  gives  orders  to  the  foremen  of  the  dif- 
ferent gangs  at  work  along  the  roads.  He  keeps  a record  of  their 
work  to  see  that  they  do  a proper  amount.  If  any  have  been 
guilty  of  neglect  he  may  recommend  to  his  chief  that  they  be 
punished. 

Following  each  regular  inspection,  he  forwards  a written  report 
to  the  engineer  in  charge  of  that  division.  He  keeps  the  accounts 
for  his  division.  He  is  consulted  by  the  engineer  in  case  of  the 
receipt  of  any  petition,  or  other  affairs,  upon  which  his  accurate 
knowledge  of  the  division  would  make  him  capable  of  giving  in- 
formation or  advice. 

If  any  surveys  are  to  be  made,  he  makes  them.  He  also  in- 
spects all  road  material,  all  of  which  is  furnished  by  contract,  and 
has  immediate  charge  of  the  construction  of  all  new  work. 

The  engineer  can  give  no  order  to  the  laborers  without  giving 
it  through  the  conductor. 

In  districts  where  there  is  much  to  do,  the  conductor  is  aided 
by  a second  assistant  engineer.  This  is  the  grade  held  by  the 
younger  engineers,  who  have  charge  of  the  draughting  and  cler- 
ical work  in  the  chief  engineer’s  office,  and  also  assist  in  the  out- 
door work  when  there  is  a press  of  it. 

It  is  from  the  ranks  of  these  latter  that  by  promotion  the  corps 
of  assistant  engineers  or  conductors  is  kept  up  to  the  required 
number.  Their  promotion  is  made  upon  their  successfully  pass- 
ing examinations  for  that  purpose. 
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A word  about  the  recruiting  of  the  large  staff  of  engineers, 
needed  where  the  government  takes  an  active  part  in  the  con- 
struction and  maintenance  of  roads,  the  inspection  of  mines,  rail- 
ways, etc.,  and  even  in  the  owning  and  operating  a large  system 
of  railways. 

There  are  three  schools  to  be  mentioned  in  this  connection. 

The  Polytechnic  School,  the  National  School  of  Mines,  the 
National  School  of  Bridges  and  Roads. 

The  Polytechnic  receives  Frenchmen  only.  They  are  given  a 
regular  technical  education,  many  scholarships  being  awarded 
to  students.  The  forty  highest  of  the  graduates  are  permitted 
to  go  to  either  the  School  of  Mines  or  School  of  Bridges  and 
Roads,  as  they  may  select,  except  that  if  there  are  more  elected  to 
go  to  the  School  of  Mines  than  there  are  vacancies,  those  with 
the  lower  grades  are  compelled  to  go  to  the  other  school,  or  the 
reverse.  The  School  of  Mines  is  generally  preferred. 

Upon  their  entry  into  either  one  of  these  schools  they  receive 
a certain  salary,  to  enable  them  to  pay  their  expenses  during  the 
three  years  necessary  to  complete  the  course  in  either  institution. 

During  that  time  their  conduct  and  grade  must  be  above  a cer- 
tain standard,  or  they  are  liable  to  be  discharged  from  service. 
For  it  amounts  to  that,  that  from  the  time  they  enter  the  school 
they  are  upon  the  staff  of  government  engineers. 

During  vacations  they  are  given  practice  or  an  opportunity  to 
study  practice  under  the  best  engineers;  and  at  the  completion  of 
the  course  they  are  given  stations  with  a salary  that  varies  with 
the  cost  of  living  in  that  department. 

No  engineer  can  bear  the  title  of  Engineer  of  Mines  or  En- 
gineer of  Bridges  and  Roads  without  being  a graduate  of  one  of 
these  institutions. 

The  professors  in  the  schools  are  all  past  graduates  of  the  same 
school  and  men  who  have  risen  to  the  grade  of  General  Inspector, 
one  between  Engineer  in  Chief  and  Minister  of  Public  Works. 
They  hold  this  position  at  the  same  time  they  are  employed  in 
the  school,  so  that  they  are  actively  engaged  in  government 
work  at  the  same  time  that  they  are  teaching. 

Lectures  begin  the  first  of  November  and  continue  until  May; 
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so  that  about  six  months  of  each  year  is  spent  upon  government 
work  under  able  engineers. 

As  stated  above,  a limited  number  only  of  student  engineers 
(Eleves  Ingenieurs  as  they  are  called)  are  admitted  into  either 
school ; forty  only  each  year  into  both.  But  besides  these, 
there  are  those  who  may  follow  the  courses  at  the  schools. 
They  are  called  Eleves  Externes  (external  pupils),  who  have  the 
same  advantage  within  the  school  except  a salary.  That  is,  they 
get  free  everything  necessary  for  their  work. 

Foreigners  may  be  admitted  into  this  class  if  sent  by  their 
governments.  From  this  class,  Eleves  Externes,  I suppose  that 
the  trustees  or  commissioners  of  departmental  and  county  roads 
are  chosen. 

Foreigners,  upon  application,  are  given  a card  which  entitles 
them  to  attend  the  greater  part  of  the  lectures  given  to  the 
students,  but  does  not  entitle  them  to  the  privilege  of  working 
in  the  laboratories  or  drawing  rooms,  or  working  with  them 
during  the  summer. 

Under  the  Conductor  comes  the  Road  Laborer. — The  road  laborers 
are  divided  into  squads  of  five  or  six.  Each  one  is  in  charge  of 
an  overseer,  chosen  from  one  of  their  number. 

Each  of  the  road  laborers  has  charge  of  a length  of  road 
varying  from  to  2]/2  miles,  depending  upon  the  condition  of 
the  road,  the  amount  of  circulation,  and  its  method  of  mainte- 
nance, which  would  depend  upon  the  nature  of  its  construction. 

When  there  happens  to  be  much  work  to  be  done  at  once  a 
few  laborers  by  the  day  are  hired  to  assist,  but  they  are  reduced 
to  the  least  possible  number.  If  there  is  to  be  work  that  will 
require  extra  laborers  for  a considerable  length  of  time  they 
organize  another  road  gang,  so  that  the  work  will  be  done  by 
regular  hands. 

The  reason  of  this  needs  no  explanation.  It  can  be  seen  that 
laborers,  picked  up  for  a few  days,  will  do  worse  work  and  less  of 
it  than  a regular  employee,  and  will  require  more  careful  watch- 
ing while  doing  it. 

The  overseer  has  charge  of  a less  length  of  roadway  than  his 
fellow  workers,  so  that  he  may  have  time  to  inspect  their  work. 

At  one  time,  in  a few  of  the  departments,  he  was  relieved  from 
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all  manual  labor,  having  nothing  to  do  but  see  that  the  work  of 
the  others  was  properly  done.  But  this  practice  has  been  dis- 
continued and  to  the  improvement  of  the  service. 

The  overseer’s  section  is  expected  to  be  the  best  kept  of  his 
brigade,  in  fact  serves  as  a model  to  them ; to  show  that  he  holds 
his  position  by  his  superior  ability,  and  not  by  virtue  of  the  fact 
that  he  may  be  a friend  of  the  engineer,  as  might  be  the  case  if 
he  were  a walking  inspector  only.  It  has  also  been  found  bene- 
ficial to  the  service  that  the  position  of  the  overseer  be  filled  from 
the  ranks  of  the  laborers  only. 

The  duties  of  the  overseer  require  him  to  visit  each  member  of 
his  brigade  once  a week.  He  makes  a written  detailed  report  of 
each  of  these  trips  upon  its  completion,  and  sends  it  to  the  con- 
ductor. This  report  gives  the  date  of  the  trip,  the  time  and 
place  at  which  each  of  his  men  was  met,  what  he  was  doing,  the 
manner  in  which  he  had  executed  the  orders  given  on  the  pre- 
ceding trip,  and  instructions  for  the  direction  of  his  work  for  the 
next  one. 

Thus  once  each  week  the  conductor  has  information  showing 
him  the  status  of  the  work  at  every  point  of  his  division. 

The  road  laborer  is  upon  the  road  from  5 a.  m.  to  7 p.  m.  in 
summer  and  from  sunrise  to  sunset  in  winter.  They  wear  upon 
their  hats  a badge  which  distinguishes  them  from  other  workmen. 
They  have  also  a numbered  disc  or  signal  fastened  to  a staff.  This 
must  be  planted  within  one  hundred  yards  of  the  point  at  which 
they  are  working.  Not  only  are  they  not  permitted  to  quit  the 
roads  during  bad  weather,  but  they  are  expected  to  be  more  than 
ever  vigilant,  though  permitted  to  construct  shelter  along  the  road 
or  carry  a portable  one  for  protection  during  the  greatest  violence 
of  storms. 

In  case  any  traveler  meets  with  an  accident  they  must  assist 
him  gratuitously. 

Tools. — Part  of  their  tools  they  furnish  themselves,  part  are  fur- 
nished by  the  government.  All  must  be  kept  in  good  condition. 

Their  tools  are — wheelbarrow,  iron  shovel,  wooden  shovel, 
pick,  iron  scraper,  wooden  scraper,  broom,  iron  rake,  crowbar, 
hammer,  and  tape-line. 
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They  are  furnished  with  a register  destined  to  receive  the  ob- 
servations of  any  of  their  superiors. 

In  this  register  the  agents  note  their  names,  time  and  place  of 
meeting,  nature  of  work  upon  which  the  laborer  is  engaged,  and 
the  orders  and  instructions  given  him. 

This  book,  when  examined  by  the  chief  engineer,  permits  him 
to  judge  of  the  diligence  and  ability  of  his  assistants,  since  they 
cannot  properly  fill  the  register  without  being  conversant  with  the 
work,  and  at  the  same  time  permit  him  to  judge  the  laborers 
themselves. 

In  addition  to  this  they  are  supplied  with  blanks  and  send  in 
each  month  a report,  giving  for  each  day  the  nature  of  the  work 
done  and  the  time  required  to  do  it.  The  conductor  makes  a re- 
sume of  these  and  sends  it  to  the  chief. 

The  zeal  of  the  workman  is  maintained  by  a system  of  rewards 
and  fines. 

A half  day’s  wages  is  deducted  if  he  is  not  able  to  present  his 
register  when  demanded. 

If  not  found  at  his  post  he  is  liable  to  a fine  of  two  days’  wages 
the  first  time,  of  three  days’  wages  the  second  time,  and  to  dis- 
missal the  third  time. 

If  he  has  not  performed  the  work  he  should  have  done  he  is 
fined  an  amount  equal  to  that  which  it  would  require  to  perform 
the  work. 

All  or  a part  of  these  fines  are  distributed  among  those  of  the 
workmen  who  have  distinguished  themselves  by  their  zeal  during 
that  month. 

At  the  end  of  each  year  the  laborer  and  overseer  with  the  best 
record  each  receive,  as  a present,  an  amount  equal  to  a month’s 
salary. 

The  laborers  are  divided  into  three  classes,  overseers  into  two 
classes,  equal  numbers  in  each  class.  The  division  is  made  upon 
basis  of  the  preceding  year’s  record.  Time  of  service  does  not 
count.  Indeed,  an  old  employee  may  descend  in  class,  but  this 
seldom  occurs.  They  receive  from  $10  to  $20  per  month,  ac- 
cording to  the  cost  of  living  in  that  department,  and  the  class  to 
which  they  belong.  Overseers  receive  a salary  20  per  cent,  greater. 
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Although,  as  you  see,  not  remunerated  by  a princely  salary,  the 
position  of  road  laborer  is  much  sought  by  the  peasantry,  on  ac- 
count of  the  honor  and  importance  attached  to  a government 
office,  so  that  applications  for  positions  exceed  the  needs,  and  it 
has  become  necessary  to  make  applicants  fulfill  certain  require- 
ments. 

Thus  aspirants  for  positions  are  compelled  to  fulfill  the  follow- 
ing conditions  before  being  eligible  to  appointment  by  the  pre- 
fect of  the  department: 

1st.  Age,  21  to  40  years. 

2nd.  No  deformity  preventing  daily  labor. 

3rd.  Must  have  had  experience  either  upon  roads  or  in  con- 
struction (building). 

4th.  Must  have  certificate  of  morality. 

5th.  Be  able  to  read  and  write. 

They  may  be  discharged  by  the  prefect  upon  recommendation 
of  the  engineer  in  chief. 

Besides  repairing  the  road,  the  duties  of  the  road  laborer  are  to : 

Duties: — 1.  Keep  gutters  clear  so  that  water  runs  freely. 

2.  Scrape  off  the  mud  in  wet  weather  and  sweep  off  dust  in  dry, 
so  that  the  road  is  always  clean. 

3.  Clean  off  the  snow  as  far  as  possible,  break  up  ice  on  the 
road  and  in  the  gutters  during  the  winter. 

4.  Pick  up  all  loose  stones,  break  them  and  pile  them  in  regu- 
larly shaped  piles  on  the  side  of  the  road  ready  for  use  in  repair- 
ing the  ruts  and  holes. 

5.  Keep  mile  posts  in  good  order. 

6.  Take  care  of  the  trees  bordering  the  road. 

This  system,  while  employed  throughout  France,  for  the  main- 
tenance of  the  national  roads,  is  applied  to  all  the  other  roads  in 
but  27  of  the  87  departments. 

In  three  departments,  the  engineer  in  chief  has,  it  is  true,  the 
direction  of  the  work,  but  has  under  him  a different  corps  of  en- 
gineers or  commissioners  to  superintend  the  work  upon  the 
county  roads. 

In  57  of  the  departments  a commissioner,  appointed  by  the 
Minister  of  the  Interior,  has  charge  of  the  county  roads.  His 
corps  comprises  commissioners  or  trustees,  in  the  arrondisse- 
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ments  and  cantons,  who  are  appointed  by  the  prefect  of  the 
department. 

In  the  old  feudal  days,  previous  to  the  French  Revolution,  the 
roads  (except  royal  ones)  were  the  property  of  the  nobles 
through  whose  domain  they  ran. 

The  nobles  were  charged  with  the  repair  of  these  roads  and  of 
such  bridges  as  might  be  upon  their  estates. 

In  order  to  enable  them  to  do  this  they  were  authorized  to  col- 
lect toll  at  certain  places,  which  they  were  empowered  to  establish. 

In  case  the  toll  collected  did  not  suffice  for  the  needs  they  were 
given  power  to  compel  the  peasantry  to  devote,  without  charge t 
the  amount  of  labor  necessary  to  keep  the  roads  and  bridges  in 
good  condition.  This  was  in  addition  to  the  amount  of  time  they 
were  required  to  work  on  the  royal  roads. 

History  does  not  mention  that  the  French  nobility  was  troubled 
with  anything  resembling  conscientious  scruples.  In  fact,  that 
great  uprising  of  the  people  known  as  the  French  Revolution 
would  convey  the  idea  that  they  were  more  than  usually  un- 
scrupulous. 

As  they  were  accountable  to  no  one  for  the  amount  of  tolls 
they  did  collect,  the  custom  came  into  general  practice  of  turning 
all  tolls  into  their  individual  pockets  and  turning  the  peasants 
out  upon  the  roads  for  a longer  period  of  time  to  work  for  noth- 
ing; at  the  same  time  they  increased,  unlawfully,  the  number  of 
toll  gates  from  2000  to  about  5600,  as  was  found  by  an  examina- 
tion just  previous  to  the  Revolution. 

The  King  sent  billet-doux  from  time  to  time  to  their  nobles, 
reminding  them  that  money  collected  must  not  be  used  other  than 
for  the  maintenance  of  the  bridges  and  roads.  But  these  royal 
proclamations  had  little  or  no  effect,  for  the  nobles  were  too  in- 
dependent and  powerful.  The  peasant  could  get  no  judgments 
against  them,  for  they  were,  by  right  of  birth,  the  judges  or  mag- 
istrates, and  disposed  of  all  cases  to  their  own  best  advantage. 

Among  the  acts  of  the  new  government  following  the  Revolu- 
tion was  one  repealing  all  acts  authorizing  forced  labor  upon  any 
roads.  From  that  time  on  the  peasantry  had  an  easy  time,  in  so 
far  as  working  to  maintain  the  roads  went.  But  when  he  came 
to  use  the  roads  in  bad  weather  he  probably  did  not  have  as  easy 
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going  as  before.  For  although  the  communes  were  authorized 
to,  and  did,  appropriate  money  for  the  roads,  it  was  all  spent  with- 
in the  boundary  of  the  villages.  The  roads  in  the  open  country 
were  left  to  take  care  of  themselves. 

And  so  while  the  peasant  put  in  his  time  indirectly  upon  the 
road  he  got  but  little  benefit  from  it. 

In  1824  this  state  of  affairs  resulted  in  a law  that  in  case  the 
revenue  of  a commune  was  not  sufficient  to  keep  the  roads  in 
good  repair,  they  could  require  two  days  of  labor  and  an  addi- 
tional special  tax  for  the  roads.  This  may  seem  like  going  back 
to  the  old  regimen,  but  as  a matter  of  fact  it  is  under  much 
different  conditions,  where  formerly  they  were  arbitrarily  ordered 
out,  to  work  may  be  in  the  farthermost  part  of  the  domain,  with 
no  option  given  as  to  time  of  working  nor  indemnity  for  loss 
of  horses,  if  they  were  hurt  or  died  from  exposure;  now 
they  are  employed  upon  that  part  of  the  road  which  is  a matter 
of  importance  to  them.  They  have  also  the  option  of  paying  a 
money  equivalent  at  a certain  rate  per  day,  fixed  for  each  of  the 
departments. 

Much  of  the  repairing  and  construction  is  done  by  piecework, 
and  in  case  of  a certain  piece  of  work  being  assigned  to  any  one, 
they  are  allowed  a considerable  length  of  time  in  which  to  do  it. 

The  number  of  days’  labor  that  may  be  required  has  in  subse- 
quent laws  been  increased  to  four. 

When  money  is  paid  a reduction  of  from  40  to  50%  is  made 
upon  the  actual  value  of  a day’s  labor  in  that  department.  But 
in  spite  of  this  fact,  60%  of  the  people  prefer  to  work  out  their 
tax. 

This  labor  is  directed  and  superintended  either  by  the  Engi- 
neers of  Bridges  and  Roads,  or  by  commissioners  appointed  by 
the  prefect  of  a department,  as  was  previously  explained. 

The  roads  as  constructed  at  the  present  time  in  France  have  in 
general  the  following  points  in  common  : 

1st.  A McAdam  roadbed  15-21  ft.  wide,  6 inches  thick,  and 
having  a crown  of  1-50. 

2nd.  A pathway  upon  either  side  having  a width  of  from  5 y2  to 
7^2  ft-,  generally  elevated  about  5 or  6 inches  above  the  gutter,  in 
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which  case  the  gutters  for  a width  of  three  feet  are  paved  with 
paving  stone. 

In  case  the  pathways  are  not  raised  above  the  Yoadway,  there 
are  no  gutters,  but  the  water  drains  across  the  paths  into  the 
ditches  upon  either  side. 

The  ditches  upon  either  side  have  usually  a depth  of  I y2  ft.  and 
are  the  same  in  width. 

In  case  the  road  has  quite  a grade  the  ditches  are  arranged  in 
cascades.  When  the  road  is  upon  a high  fill  there  is  always 
placed  upon  either  side  the  small  safety  bank,  i ^ ft  high. 

In  1874  the  average  thickness  of  the  coating  of  the  National 
Roads  did  not  exceed  4 inches  (10  cn).  In  three  of  them  it  did  not 
exceed  3^  inches  (8  cm). 

Nevertheless,  these  roads  did  excellent  service  and  show  that 
for  strength  these  thicknesses  are  sufficient. 

But  it  would  be  false  to  build  a road  just  sufficiently  thick  to 
support  the  traffic;  so  that  after  a short  use  they  would  be  so 
worn  as  to  require  renewing  to  keep  them  from  breaking  up. 
This,  together  with  the  consideration  of  a possibility  of  not  being 
able  to  work  upon  them,  though  they  might  require  it,  as  in  time 
of  war,  for  example,  has  led  to  the  adoption  of  6 inches  (15  cm)  as 
the  average  depth. 

In  extreme  cases,  however,  they  have  been  made  to  a depth  of 
20  inches. 

In  cuts,  slopes  are  45  0 in  earth,  1-10  in  rock. 

The  absence  of  a foundation  in  McAdam  roads,  which  was  a 
great  objection  urged  against  them,  as  in  consequence  of  its  ab- 
sence they  would  require  a constant  maintenance,  whereas  in  the 
case  of  the  Telford  road  even  if  the  metal  was  worn  out  traffic 
could  still  continue  upon  the  foundation.  This  objection  has  been 
the  one  cause  of  the  supremacy  of  McAdam  over  Telford  roads. 

The  necessity  of  constant  care  compelled  the  organization  of  a 
system  for  continuous  maintenance.  And,  strange  to  say,  it  was 
found  more  economical  than  to  let  Telford  roads  wear  down  to 
the  foundation  and  then  replace  them.  This  is  not  taking  in  con- 
sideration the  advantage  of  having  continually  a perfect  roadbed 
instead  of  a worn  out  one  for  the  greater  part  of  the  time. 
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McAdam  insisted  upon  no  foundation  and  perfectly  clean  brok- 
en stone,  nothing  being  added  under  the  pretext  of  building. 

The  French,  while  constructing  their  roads  without  a founda- 
tion, as  McAdam  did,  were  the  first  ones  to  add  a binder  to  fill  in 
the  interstices. 

This  was  first  advocated  by  Polonceau,  who  at  first  mixed  a 
tender  rock  with  the  harder  road  metal  destined  to  take  the  wear. 
Then  by  rolling  the  softer  material  was  crushed,  making  a com- 
pact, solid  mass. 

This  system  is  essentially  employed  today  upon  all  roads,  with 
the  exception  that,  instead  of  using  a tender  material,  which  re- 
quires crushing,  they  save  the  cost  of  crushing  by  employing 
materials  already  powdered;  and  do  not  apply  the  binder  until 
after  the  broken  stone  has  been  thoroughly  compacted.  This  is 
the  system  known  today  as  macadamizing , though  containing 
a binder  which  McAdam  did  not  use. 

Road  metal  for  the  maintenance  of  the  national  roads  is  fur- 
nished by  contract,  contracts  being  let  to  furnish  upon  a small 
section  of  road  all  the  material  needed  for  a number  of  years. 
The  road  is  divided  into  quite  small  sections,  which  makes  it  pos- 
sible for  peasants  and  small  land-owners  to  take  contracts  which 
will  give  employment  to  their  teams  at  times  when  they  would 
otherwise  be  idle,  and  at  the  same  time  clear  their  land  of  stones, 
if  they  happen  to  be  of  the  right  sort;  otherwise  certain  quarries 
in  the  vicinity  are  specified. 

All  the  material,  which  they  furnish  one  year,  is  placed  on  one 
side  of  the  road,  while  that  of  the  next  year  is  placed  upon  the 
opposite  side,  thus  avoiding  confusion.  The  material  furnished 
must  be  piled  in  regularly  formed  piles,  usually  rectangular  trun- 
cated pyramids  with  a base  one  and  a half  by  two  and  a half 
metres,  having  a height  of  one  half  metre,  the  volume  being  call- 
ed one  cubic  metre,  though  slightly  in  excess  of  that  amount. 

Repairing  and  renewing  a road  are  not  the  same  thing  in  all 
cases  with  the  French.  While  all  roads  are  subject  to  constant 
repairs,  some  are  being  constantly  renewed,  and  others  are  only 
renewed  in  large  sections,  from  time  to  time,  as  they  wear  too 
thin. 
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In  the  first  method,  wherever  a hole  is  to  be  repaired  an  excess 
of  new  material  is  used.  By  so  doing  the  amount  of  wear  of 
road  is  being  constantly  replenished,  so  that  the  road  never  wears 
out. 

In  the  second  method  no  more  than  enough  material  is  added 
to  bring  up  the  level  of  the  hole  to  that  of  the  road,  which 
thus  gradually  wears  down  below  the  minimum  thickness  required 
to  carry  the  traffic,  and  then,  in  sections  of  several  hundred 
yards  in  length,  the  entire  surface  is  covered  with  a thickness  up 
to  the  required  amount.  This  latter  system  gives  better  results 
as  to  the  smoothness  of  the  road,  but  the  organization  of  the 
service  is  more  difficult  under  it,  requiring  large  quantities  of 
material  in  a short  time  and  the  care  of  a large  force  of  laborers. 

The  total  cost  of  construction  and  cost  of  maintenance  of  the 
roads  in  France  has  been  as  follows : 


Cost  of  First  Establishment, 
per  mile. 

Annual  Cost  of  Maintenance 
and  Inspection. 

National  Roads, 

. $10,000 

5230 

Departments, . 

6,500 

160 

County  Roads,  . 

2,700 

80 

Total  cost  of  first  establishment,  $1,300,000,000;  cost  of  main- 
tenance and  inspection,  $32,000,000. 

In  considering  the  comparatively  high  cost  of  the  national 
roads  you  must  take  into  consideration  the  fact  that,  being  largely 
constructed  for  strategic  purposes,  they  have  traversed  the 
roughest  and  most  sparsely  populated  parts  of  the  country,  and 
that  they  are  wider  than  the  other  roads. 

In  considering  the  amount  of  traffic  upon  the  national  and 
departmental  roads,  M.  Durant  Clay  says:  “A  saving  of  one 
quarter  of  one  cent  per  mile  in  the  cost  of  hauling  each  load 
would  make  a total  annual  saving  of  $10,000,000. 

The  interest  at  5 per  cent,  upon  the  original  cost  of  these 
roads  ($380,000,000),  $19,000,000,  together  with  the  annual  cost 
of  maintenance,  S9,ooo,ooo=$28,ooo,ooo,  say  $30,000,000.  So 
that  it  would  only  have  to  result  in  an  economy  of  hauling  of  ^ 
of  one  per  cent,  per  mile  to  make  the  great  system  of  roads  a pay- 
ing investment. 

When  it  is  considered  that  the  cost  of  hauling  upon  dirt  roads, 
even  in  good  condition,  amounts  to  about  twice  what  it  does  upon 
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a McAdam  road  in  good  condition,  it  is  easy  to  decide  whether 
this  system  of  roads  is  worth  what  it  costs. 

TREES. 

As  far  back  as  the  middle  of  the  XVI  Century,  trees  were 
planted  along  the  royal  roads.  This  practice  has  been  more  or 
less  continuously  followed  since  that  time.  During  several 
periods  it  was  stopped  by  those  in  authority,  they  being  of  the 
opinion  that  trees  were  more  of  a damage  than  a benefit.  But 
now  trees  are  planted  along  all  roads  having  a width  greater  than 
10  meters  (33  ft.)  at  distances  varying  from  5 to  10  meters,  in  sin- 
gle rows  upon  the  narrower  roads,  and  in  double  rows  upon  the 
wider.  Trees  cost  from  40  to  60  cents  apiece.  They  are  selected 
from  nurseries  and  of  species  most  liable  to  thrive  in  the  soil  and 
climate  for  which  they  are  destined. 

In  resume,  we  have  squads  of  five  or  six  men  each,  in  charge 
of  an  experienced  workman  as  overseer,  constantly  employed  in 
repairing  the  roads  and  keeping  them  clean,  the  overseers  re- 
porting to  assistant  engineers,  who  are  men  with  technical  educa- 
tion, they  reporting  to  engineers  who  in  turn  report  to  the  chief 
engineer. 

Three  grades  of  educated  engineers  are  over  all  the  work, 
with  a system  of  reports  which  enable  the  chief  engineer  to  tell 
exactly  the  state  of  the  work  at  any  point. 

All  material  inspected  and  accepted  by  a competent  engineer. 

How  different  from  the  system  in  this  country,  where  the  far- 
mer, when  he  gets  a little  spare  time  in  the  middle  of  the  summer 
— after  the  roads  have  gotten  hard  and  smooth,  though  not  level 
— goes  out  with  a plough  and  under  the  supervision  of  another 
farmer  he  digs  out  the  ditches  and  fills  up  the  road  with  the  soft 
earth,  making  rough  and  heavy  again  the  roads  which  had 
been  bad  all  spring,  but  were  just  getting  good;  and  where,  as 
in  a county  not  far  from  here  (Cleveland,  O.),  it  has  been  possible 
for  county  commissioners  to  pay  $19,000  per  mile  for  a broken 
stone  road,  and  which,  as  my  informant  told  me,  would  have  been 
excellent  for  raising  cabbage,  but  which  upon  the  road  made  it 
far  worse  than  it  was  before. 

Of  course,  he  might  have  been  a little  prejudiced,  as  he  had  to 
pay  a thousand  dollars  because  the  road  ran  near  his  farm. 


THE  THEORY  OF  CENTRIFUGAL  VENTILATING  FANS  * 


Determination  of  their  Forces  and  Dimensions. 

BY  LOUIS  SER. 


TRANSLATED  BY  JOHN  T.  HOOVER. 

II.  CALCULATION  OF  VELOCITIES,  PRESSURES,  VOLUME,  AND  WORK. 

(a)  Velocities. 

12.  Velocity  in  Exhausting  Conduit. — Very  often  we  know 
h priori  the  dimensions  of  the  exhausting  conduit  (as,  for  example, 
that  of  the  galeries  of  a mine),  and  the  volume  Q,  which  passes 
being  given,  we  find  the  velocity  at  the  end  of  the  conduit  in  the 
section  q by  the  relation  (3) : Q = q v. 

If  the  exhausting  channel  is  to  be  built,  it  is  best,  in  order  to 
reduce  to  a minimum  the  losses  of  momentum,  to  have  air  pass 
through  with  as  little  velocity  as  possible;  but  the  equation 
shows  that  as  we  reduce  the  velocity  we  increase  the  section, 
and  therefore  the  expense  of  putting  it  up  and  the  space  which 
it  occupies.  For  each  particular  case,  we  must  understand  at 
what  limit  it  is  best  to  stop. 


13.  Velocities  at  the  Inlet.  — The  velocity  vQ  of  the  inlet 
ventilator  is  given  by  equation  (10): 


v0  — uR0 


sin  e 


sin  {e  + p) 


The  diameter  of  the  inlet  must  be  determined  as  such,  that  as  a 
result  of  the  volume  discharged,  the  velocity  will  be  that  which 
is  given  by  the  formula  (10).  If  it  be  otherwise,  the  air  enters 
the  inlet  with  a shock.  Frequently  the  element  of  the  vanes  is 
directed  to  follow  the  radius:  ^ = 90°  and  the  equation  becomes 


Vo=^Ro 

Cos  p 


(23) 


The  angle  p of  introduction  of  the  air  into  the  vanes,  which 
results  in  a gyratory  motion  inside  of  the  inlet,  can  not  be  equal 
to  90°  at  the  same  time  that  e = go°,  for  vQ  would  then  be  in- 
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finity ; it  can  not  be  equal  to  0,  for,  from  equation  (8)  Q would  be 
zero.  Since  it  can  not  be  near  these  extreme  values,  it  must  be 
between  6o°  and  30°;  experience  alone  can  show  the  true  and 
most  advantageous  values. 


14.  Relative  Velocity  in  the  Changing  Canals. — Expe- 
rience has  shown  that  when  the  section  of  the  changing  canal 
increases  too  rapidly  from  the  interior  radius  to  the  exterior 
radius  of  the  vanes,  there  are  produced  behind  each  vane  back- 
pressures and  currents  in  the  opposite  direction  which  destroy 
much  of  the  power. 

To  avoid  this  evil  we  must  make  the  section  constant  or 
slightly  increasing.  When  it  is  constant,  the  relative  velocity  is 

= w o (24) 

and  by  virtue  of  relation  (1 1), 

c sin  8 

w,  ==  W0—uR0  7— c — r ■ 

cos  (0  + 8) 

For  o—  go°  we  have 

wx  — ivD  = u R tan  p.  (25) 

So  the  relative  velocity  will  be  greater  or  less  than  u Rol  the 
velocity  at  the  interior  edge  of  the  vanes,  as  p is  greater  or  less 
than  450. 


15.  Velocity  of  Exit  from  the  Vanes. — This  velocity  v , 
is  given  by  equation  (13),  which  becomes,  replacing  w,  by  its 
value, 


nt  1 

V I ^2 


sin 2 p \ 

sin 2 (djrp)J 


+-^i2 — 2R0R1 


'sin  p cos  y\~l 

sin  (0-t- -0)/J 


If  0=90°, 

v*=J*(R*  tan  p -f-  R*  — 2RQR1  tan  p cos  y). 


(26) 

(27) 


The  angle  7,  which  the  vanes  make  with  the  circumference  (ex- 
terior), exerts  a sensible  influence  on  the  velocity.  This  angle 
can  be  taken  arbitrarily  within  certain  limits.  It  can  not  be  o° 
or  1800,  from  equation  (14),  for  Q would  be  zero ; but  it  can  have 
all  the  values  between  these  two  limits  without  approaching  too 
closely  to  the  extremes. 

The  negative  term  2RrR0  tan  p cos  y is  maximum,  and  conse- 
quently Vj  is  maximum,  for  7 = 0. 
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When  the  air  is  discharged  directly  into  the  atmosphere,  the 
living  force  carried  away  and  lost  is  proportional  to  the  square  of 
the  velocity  of  discharge.  To  reduce  this  loss  it  is  best  to  reduce 
the  velocity  to  a minimum,  and,  therefore,  to  curve  the  vanes  in 
the  opposite  direction  to  the  moment  of  rotation,  making  the 
angle  y as  small  as  possible.  This  is  what  Mr.  Combes  has 
shown  in  his  ventilator,  and  what  is  usually  done  in  water  tur- 
bines. But  when  we  make,  as  Mr.  Guibal  has  done,  the  escape 
conduit  in  the  form  of  a cone,  we  utilize  this  living  force  and  do 
not  need  to  reduce  the  velocity'  of  discharge  from  the  ventilator 
itself,  and  hence  we  can,  so  to  speak,  give  the  angle  y any  value 
whatever. 

As  y increased  from  o°  to  90°,  the  term  2RIRa  tan  p cos  y 
diminishes  in  absolute  value,  while  v1  increases. 

For  y = go°  the  term  becomes  o.  In  this  case  the  vanes  at 
their  extremity  are  in  the  direction  of  the  radius,  so  that,  if  at 
the  same  time  e = 90°,  they  are  plane  and  radial.  It  is  a con- 
struction frequently  employed.  The  velocity  then  is 


When  the  angle  y passes  90°,  cos  y changes  sign,  the  term — 
RaRl  tan  p cos  y becomes  positive  and  the  velocity  increases  as 
7 approaches  180°,  which  corresponds  to  an  unattainable  max- 
imum, since  Q would  be  o,  the  section  being  zero. 

The  ratio  of  the  velocity  of  discharge  to  the  velocity  at  the  end 
of  the  vanes  is  independent  of  the  angular  velocity  for  the  same 
ventilator.  We  have 

v 2 Ro  sin 2 p | 2Rq  sin  p cos  y , , 

uRp  R2'  siu2(e  + p)  1 R,  sin  (0  + p) 

In  the  case  of  radial  vanes 


This  ratio  is  always  greater  than  unity. 

For  the  difference  of  the  squares  of  the  velocities  of  entrance 
and  discharge  in  the  case  of  radial  vanes  we  find 


a very  simple  relation  which  can  be  utilized  in  certain  cases. 


v = u V R 2 tan  p -(-  R2 


(28) 
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16.  Velocity  in  the  Compressive  Conduit. — What  we  have 
said  of  the  velocity  in  the  exhaustive  conduit  applies  also  to  the 
compressive  conduit.  When  this  conduit  is  already  built,  its  sec- 
tion being  a,  the  velocity  is  given  by  the  relation  Q = a'  if  (17). 

If  the  conduit  is  to  be  constructed,  it  is  best,  in  order  to  dimin- 
ish the  losses  of  force,  to  make  the  section  as  large  as  possible, 
so  as  to  reduce  the  velocity  and  consequently  the  resistance ; but 
the  size  is  soon  limited  by  the  expense  of  building  and  the  space 
occupied. 


(b)  Pressures. 

1 7.  Pressures  in  the  Exhausting  Conduit. — The  air  taken 
into  the  room  with  a pressure  pa  (ordinarily  the  atmospheric  pres- 
sure) enters  the  exhausting  channel  and  meets  with  a resistance 
such  that  at  the  other  end  of  this  conduit  (at  NN'),  arriving  at 
the  ventilator,  the  pressure  is  reduced  to  p.  The  difference,  as 
we  have  seen,  is  given  by  pa  — p — (C  -)-  i)h.  (2) 

C is  a term  dependent  only  on  the  nature  and  dimensions  of 
the  conduit,  and  these  are  to  be  considered  in  calculating  it. 


qj2 

h—d — is  the  height  of  water  corresponding  to  velocity  v in  the 
g 

section  a. 

C h represents  in  height  of  water  the  loss  of  force  produced  by 
the  resistance,  friction,  back  pressure,  etc. 

If  the  conduit  is  straight  and  of  regular  form,  the  loss  of  mo- 
mentum is  only  produced  by  friction  against  the  sides. 

When  the  sections  are  a little  large,  as  is  the  case  for  most 
ventilators,  this  loss  is  expressed  by  this  formula, 


E=—L—.d.  — ■ 

a 2g' 

E is  the  loss  of  momentum  in  metres  of  height  of  water ; L is 
the  length  of  the  channel ; a is  the  cross  section ; x is  the  peri- 
meter ; K is  a coefficient  dependent  on  the  nature  and  dimensions 
of  the  channel  and  varying  from  0.004  f°r  very  smooth  sides  to 
0.025  or  0.03  for  the  galeries  of  mines  cut  up  by  numerous  tim- 


bers. The  value  of  Cis  then  C= 


KLx 

12 


In  general  we  can  neglect  other  resistances  than  friction.  We 
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can  count  them  to  a certain  extent  by  the  formulas  of  applied 
mechanics  on  the  changes  in  direction  of  the  section.  If  there  is 
no  channel  of  exhaustion,  that  is  to  say,  if  the  ventilator  opens 
directly  into  the  atmosphere  and  we  avoid  the  contraction  of  the 
entrance,  C—O  and  pa  — p — h.  This  is  the  case  with  flowing 
ventilators. 

If  there  is  contraction  and  the  coefficient  be  0.82,  C is  equal  to 
0.5’and  pa  —p  = 1.5  h. 

18.  Pressures  at  the  Origin  of  the  Compression  Conduit. 
—The  pressure  at  the  origin  of  the  compression  conduit  is  de- 
duced from  equation  (22),  p'  — p' a = (Cf — /)  h!  -f-  h"  in  which 
we  know  h'  and  h" . 

C'  is  calculated  in  the  same  way  as  C from  the  nature  and  di- 
mensions of  the  conduit  of  compression.  In  the  case  of  a sucking 
ventilator,  the  air  being  crowded  directly  into  the  atmosphere 
C’=o,  h'=h"  and  p'=pa\ 

19.  Total  Pressure  Produced. — To  find  the  pressure  pro- 
duced by  the  ventilator  let  us  add  equations  (4),  (9),  (12),  (13), 
and  (16).  Then 

v /a  — z/2  = 2g  ^ — 2 va  u R0  cos  p -j-  2 u0  Rp  — 2 IV l w 

d 

Rz  cos  y. 

Since  d — = h and  d =/F,  it  becomes  by  substituting 
2g  2g 

(Pr  + / P + k' — K)—  2 J*Rp 2Va  u Ro  COS  p 27V1  u Rz  COS  y. 

d 

Put  H=  p'  -f- f — p -j-  h! — h (32) 

and  we  get  /?=-((/  Rp — va  u R0  cos  p — u>l  u R-,  cos  y). 

cr 

H is  the  pressure  in  height  of  water  produced  by  the  ventilator, 
taking  into  account  the  force  due  due  to  velocity,  the  loss  by  fric- 
tion and  the  back  pressure  in  the  apparatus  itself. 

The  excess  of  gauge  pressure  between  the  two  sections  Q Q' 
and  A A'  is  only  p' — p. 
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If  we  make,  as  below,  wQ  —wu  and  if  we  replace  vQ  and  by 
their  values,  the  equation  takes  the  form 


H 


= -A  Rp 

g L 


■Rl 


sin  e cos  P 
3 sin  (9-|-  p) 


R^smjcpr\ 

«»(©+  p.)  J 


For  the  same  ventilator  the  total  pressure  is  proportional  to  the 
square  of  the  Singular  velocity.  This  is  confirmed  by  all  experiences. 

If  the  first  element  of  the  vanes  be  in  a radial  direction,  e =90° 
and  we  have 


H = - u{Rp  — R02  — R0  Ri  tan  P cos  r.)  (34) 

g 

Finally,  if  the  vanes  are  radial,  cos  r = o and 

H=-  ufRp-Rg)  (35) 

g 

In  these  formulas  H is  determined  as  a function  of  the  dimen- 
sions of  the  ventilator  and  of  the  angular  velocity. 

The  pressure  //depends  essentially  on  the  resistance  to  motion 
in  the  channels  of  exhaustion  and  compression,  and,  conse- 
quently, on  the  nature  and  dimensions  of  the  conduits,  that  is 
to  say  on  C and  C' . 

The  two  equations  (2)  and  (22)  give 

p'  — p = (C  + i)h  + (c'  — i)h'  + h"  + p'a  — pa ; 
whence,  adding  h'  — h -j-  / to  each  member,  there  is  derived 
H=  p'a-paf  Ch  + C h'  +/  + h". 
f is,  as  we  have  said,  the  loss  of  momentum  produced  in  the 
ventilator  itself  by  friction,  back  pressure,  etc.  The  motion 
of  the  air  between  the  vanes  is  very  complicated  and  is  very 
little  known  about,  and  cannot  be  calculated  even  approximately. 
To  obtain  the  value  f we  have  to  depend  on  experience.  In 
general,  this  value  is  proportional,  like  //,  to  the  square  of  the 
velocity,  and  there  exists  a constant  ratio  between  these  two 
qualities  for  the  same  ventilator  with  different  velocities.  If  we 
put 

/=  m H,  (36) 

we  have  by  equation  (32) 

H (/  — in)  — pi  — p -j-  H — h , 


(37) 
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and  from  that  we  obtain 

H{i  — ni)  = p'a  — pa  — Ch  C'h!  + h!' . (38) 

The  value  of  m hardly  descends,  under  the  most  favorable  con- 
ditions, below  0.15,  and  it  may  reach  0.25  and  0.30  and  even 
more  with  bad  arrangements. 

To  determine  H we  take  one  or  the  other  equations  as  the  case 
may  require. 

Replacing  H by  its  value  (33),  we  can  establish  a relation  be- 
tween the  angular  velocity  and  the  dimensions  of  the  ventilator 
on  one  hand,  and  the  resistances  in  the  conduits  on  the  other. 

Formula  (38)  could  have  been  obtained  a priori ; it  expressed 
simply  that  the  sum  of  the  losses  of  momentum  in  the  different 
parts  of  the  circulation,  increased  by  the  force  due  to  the  velocity 
of  discharge  and  by  the  difference  between  the  extreme  pressure, 
is  equal  to  the  pressure  produced  by  the  ventilator. 

20.  Pressure  at  the  Entrance  to  the  Inlet  and  to  the 
Vanes. — We  know  that  when  the  conduit  is  properly  built,  the 
pressure  pQ  is  the  same  at  the  entrance  to  the  inlet  and  vanes.  It 

is  given  by  equation  (4):  v02 — if=2g^ 

d 

The  velocities  v and  va  being  known  as  well  as  p It  we  deduce 
from  this  equation  the  value  of  p0. 

21.  Pressure  at  the  Discharge  from  the  Vanes. — Making 
w0  — wx  in  equation  (12)  we  have  for  any  ventilator  with  constant 
section : 

A +/—  p0=  — (At2  — R02 ) (39) 

2S 

which  allows  us  to  calculate  pi  — ft.  Since  f — m H,  if  we  know 

we  deduce  therefrom  f and  then  pi. 

For  radial  vanes  we  have  found  H=—  d2  ( R x2 — R0‘ !). 

g 

Comparing  this  with  (39)  we  see  that 

a +f-p0=y2H.  (40.) 

For  a ventilator  with  radial  vanes  the  difference  of  pressure, 
pi — po,  between  the  envelope  and  the  inlet,  increased  by  the  force 
/"produced  by  friction  and  back  pressure,  is  equal  to  one-half  of 
the  total  pressure  produced  by  the  ventilator. 

From  this  results  the  important  fact  that  if  we  do  not  utilize 
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the  velocity  at  the  discharge  from  the  envelope,  we  lose  half  the 
total  pressure,  and  consequently,  on  account  of  the  friction  of  the 
changing  canals,  the  result  must  always  be  much  less  than  50 
per  cent. 

If  we  combine  equations  (4),  (12),  (16)  and  (24),  we  have 
/+/—/=  — f ?'o2+  V(Rp—  R02)  + v*—v'2~\ ; 

2g  L -1 

whence,  H=  — [u2^,2  — Ra >2)  + v ,2  — vf],  Comparing  this 

2g 

with  (35),  we  obtain  u(R*  — Rf)  = vp — vg,  a relation  which 
we  have  already  found  in  another  manner:  (31). 

For  a ventilator  with  radial  vanes  we  have  a series  of  relations: 

A +/—/»=  — Rg)  = — (vg  — vg)  (41) 

~g  2g 


(c)  Volume. 

22.  Volume  Discharged. — The  volume  Q which  passes  a 
Point  in  one  second  is  calculated  by  equations  (7)  and  (10).  Sub- 
stituting in  equation  (7)  the  value  of  v0  given  by  equation  (10), 
we  find 


Q—nfRg 


sin  6 

usin(  o-\-p) 


(42) 


To  simplify  this,  put  9 = . S.m  ° — - (43) 

v H * sin  0 + p) 

and  we  get  Q = d>R0 3W.  (44) 

The  volume  discharged  by  a ventilator  is  proportional  to  the 

angular  velocity.  That  is  to  say,  to  the  number  of  revolutions , and 

this  is  confirmed  by  all  experiences. 

If  there  are  two  inlets  for  the  admission  of  air,  we  have 


Q = 2<pR03u.  (4s) 

When  the  first  element  of  the  vane  is  radial  e = 90°  and 


0 


2 

TTfl 

cos  P ' 


(46) 


By  means  of  a diagonal  we  can  determine  the  proper  ratio  for 
1 ^ 

= ; that  is  to  say,  that  which  allows  a bend  with  a well 
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curved  joint.  If  we  take  ^ = 0.75  with  0 — go0,  and  if  we  give 
to  P the  values  30°,  45 0 and  6o°,  we  find  for  ^ the  following 
values : 

for  p = 6o°,  0 - 3.53 
for  p = 45°>  4>  = 2.50 
for  p = 30°,  (f>  = 2.04 

The  angle  ^ exercises  a great  influence  on  the  values  of  Q. 

For  0 = 25 0 with  ^ = 0.75  and  p = 490,  we  find  <p  = 0.738 
only. 

Observe  that  equation  (44),  resulting  from  the  combination  of 
equations  (7)  and  (10),  supposes,  as  does  this  last,  that  the  air 
enters  the  changing  canals  without  shock.  To  realize  this  con- 
dition the  velocity  of  entrance  and  consequently  the  section  of 
the  inlet  must  be  properly  regulated. 

When  for  an  existing  ventilator  we  increase  or  diminish  the 
resistances  to  the  movement  of  the  air  by  a change  in  the  length 
of  the  conduit,  as  for  instance  by  using  a damper  or  in  any  other 
manner,  we  change  necessarily  the  volume  which  passes  through. 

From  formula  (44)  the  volume  which  is  carried  through  seems 
to  be  independent  of  the  resistances;  but  this  formula  supposes 
that  the  relative  velocity  is  directed  along  the  vanes.  If  the  re- 
sistances become  changed,  this  condition  is  not  fulfilled  and  the 
formula  is  no  longer  applicable  with  the  same  value  of  <f>)  it  will 
only  be  so  by  taking  for  e in  the  value  of  <p,  not  the  angle  of  the 
vanes,  but  the  true  angle  of  the  relative  velocity. 

It  is  easy,  for  the  rest,  to  put  the  expression  for  the  volume 
drawn  through  under  a form  which  eliminates  the  influence  of 
the  resistance.  From  formula  (38),  H (/ — ni)=p'a — pa-\-  Ch- f C'h' 
~\-hn , we  find,  putting  h'=k'h  and  h"—k"h, 

{C+k' C -pk")  h=H (/ — in) — P* a — pa ; whence, 


and  Q—a  v=u 


H {i—m)—p'a+pa 
C+k'C'+k" 


H (r—m)—p'ap-pa 
C+k'C+k" 


(47) 

(48) 


k'  and  k"  are  constants  equal  to  the  increase  ratios  of  the  square 
of  the  sections. 
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Putting  for  H its  value  (33),  we  have  the  expression  for  the 
volume  passed  through  as  a function  of  the  dimensions  of  the 
ventilator,  of  the  angular  velocity,  of  the  extreme  pressure  and  of 
the  resistances  in  the  conduits;  and  it  would  be  easy  to  calculate 
the  exact  influence  of  these  resistances,  if  we  can  admit  that  the 
angles  of  introduction  of  the  air  into  the  changing  canals  remain 
invariable;  the  value  of  H would  be  constant;  but  as,  in  fact,  the 
angles  must  vary  in  a certain  measure  with  the  resistances,  there 
is  room  for  discussion. 


(d)  Work. 

23.  The  work  necessary  to  run  the  ventilator  is  composed  of 
all  the  work  necessary  for  compression  of  the  air,  including  resist- 
ances, and  that  which  is  used  up  by  the  friction  of  the  machine. 

Work  of  Compression. — To  give  to  the  volume  Q an  excess 
of  pressure  H,  the  work  to  be  supplied  is  Q H.  This  work  is 
expressed  in  large  dynamic  units,  if  Q is  the  volume  in  cubic 
metres  and  H the  increase  of  pressure  in  metres  of  height  of 
water.  It  would  be  expressed  in  kilogram-metres  if  H were 
evaluated  in  millimetres  or  Q in  liters. 

Subtracting  the  values  of  Q and  H previously  found  in  (44) 
and  (33),  we  have 


QH—  t^u3Ro3 
g 


sin  0 cos  p ^ sin  p cos  y -j  (49) 

sin  (0+/?)  ° 1 sin  (e+/?)J 


or 

by  putting 

(t>d 

n — -L- 

g 


Q H —n  (J3, 


Ro3  [AV  - R0sinecosP-R0R1.^cosr I 

L sin  (e+Z3)  sin  (e+/?)J 


(50) 

(51) 


When  the  vanes  are  radial, 

n = t^-R03(Rl*  — R*).  (52) 

g 

The  work  for  the  same  ventilator,  neglecting  the  friction  for  the 
engine,  is  proportional  to  the  cube  of  the  angular  velocity. 

Work  of  the  Friction  of  the  Engines. — The  work  used  in 
overcoming  the  friction  in  the  engines  is  proportional  to  the  an- 
gular velocity,  and  can  be  put  in  the  form  — A — A being  a 
term  which  depends  on  the  weight  of  the  pieces,  the  tension  of 
the  straps,  etc. 
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If  the  transmission  is  made  directly  by  straps  and  P is  the 
pressure  on  the  base  resulting  from  the  weight  of  the  ventilator 
and  the  tension  of  the  straps,  r the  radius  of  the  pivot  and  k the 
coefficient  of  friction,  we  have  A=kr  P. 

Total  Work. — The  total  work  is  then  T=QH-\-A  u.  (53) 

Useful  Work. — Only  a portion  of  the  work  of  compression 
QH  is  useful. 

The  back  pressure  and  the  friction  against  the  sides  of  the  ven- 
tilator determine,  as  we  have  seen,  a loss  of  force  f and  the  work 
absorbed  by  these  resistances  is  Q f. 

At  the  end  of  the  compression  conduit  the  air  escapes  with  a 
velocity  v" . When  the  air  is  thrown  directly  into  the  atmos- 
phere, the  corresponding  living  force  lost  is  Qh"  and  the  work 
utilized  becomes 

Tu—  Q{H-\-f — h")  (54) 

But  we  must  observe  that  in  many  cases,  notably  for  those 
supplying  ventilators  for  blowing  fires,  we  cannot  consider  as  lost 
the  velocity  with  which  the  air  is  projected  into  the  fire.  This 
velocity  is  necessary  for  the  industrious  operation,  and  the  ve- 
locity really  lost  is  that  of  the  gas  leaving  the  apparatus  when  it 
escapes  into  the  atmosphere.  The  preceding  formula  is  appli- 
cable only  when  h"  represents  the  pressure  corresponding  to  this 
last  velocity. 

Efficiency. — The  ratio  of  useful  work  to  total  work  which 


forms  the  efficiency  is  p = 
in  the  form 


Tu  0 (H—f — h")  , ■ , , 

= -L f which  can  be  put 

T QH+Au  ’ F 


p 


f+h" 

~TT 


/+ 


A 

71  L? 


(55) 


This  shows  that  the  efficiency  must  increase  with  the  angular 
valocity;  that  is,  in  fact,  what  is  shown  by  experience. 


(e)  Comparison  of  Results  of  Experience  and  Theory. 

24.  In  order  to  compare  the  results  of  theory  with  those  of 
practice  we  take  the  very  complete  experiments  of  Mr.  Tresca  of 
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the  Conservatory  of  Arts  and  Measures  on  the  ventilators  of  Mr. 
DeLacolonge.  The  table  below  contains  the  results. 


N <0 

Volume,  Q. 

Pressure. 

Calcula- 
Observed  tecj 

Ratio. 

Observed 
H (i-»i  ) 

Calcula- 

ted. 

H 

Ratio. 
(/ — m) 

1 2 

3 

4 

5 

6 

7 

8 

305  31,903 

0,451 

0,434 

1,039 

0,0240 

0,0280 

0,857 

403  42,154 

0,582 

0,573 

1,016 

0,0400 

0,0497 

0,81 5 

431  45,083 

0,620 

0,613 

I,OI  I 

0,0455 

0,0569 

o,799 

526  55,020 

0,752 

0,748 

1,005 

0,0668 

0,0847 

0.789 

621  : 64,957 

0,886 

0,883 

1,003 

0.093 

0, 1 1 80 

0,788 

700  73,220 

0,999 

0,996 

1,003 

0,1185 

0,1500 

0,790 

712  74,475 

1,058 

1,013 

1,044 

0,1328 

o,i553 

0,885 

772  80,751 

1,108 

1,098 

1,009 

0,1432 

0,1826 

0,784 

806  84,304 

1,156 

1,146 

1,009 

o,i595 

0, 1 990 

0,801 

807  84,412 

1. 155 

1,148 

1,006 

0.1595  | 

o,i995 

o,799 

817  1 85,458 

1,171 

1,162 

1,008 

0,1640  1 

0,2040 

0,814 

Mean  Ratio, 

1,014 

Mean  Ratio 

0,815 

Column  i gives  the  number  of  revolutions  per  minute  determined 
by  trial ; 

Column  2 the  angular  velocities  deduced  therefrom; 

Column  3 the  volumes  discharged  as  found  by  experiment; 

Column  4 the  volume  calculated  by  means  of  the  formula  Q=2  0 
R<?  <j,  for  which  we  have  taken  fii=o.y  and  ,3=45°, 

_ 2 

giving  us  0 = A = 3.1  and  Q — 0.0136  u. 
cos  p 

Column  5 gives  the  ratios  of  their  numbers  in  columns  3 and  4 
and  shows  a coincidence  as  complete  as  we  could  de- 
sire between  the  results  of  calculation  and  experiment. 
It  establishes  in  the  neatest  manner  the  proportionality 
of  volume  to  the  number  of  revolutions. 

All  experiments  on  other  ventilators  lead  to  the 
same  conclusion. 

Column  6 contains  the  numbers  given  by  experiment  for  pressure. 

From  the  manner  in  which  these  pressures  are  made 
this  difference  is  equal  to  the  value  H (1  -m)  of  the 
formulas. 


44 


Centrifugal  Ventilating  Fans. 


Column  7 gives  the  table  calculated  for  H by  means  of  for- 
mula (35). 


Column  8 gives  the  ratio 


H 


l-m  and  shows  that  this  ratio 


is  sensibly  constant  as  we  have  supposed.  See  equa- 
tion (36). 

We  deduce  from  this  that  the  loss  of  force  f=  mH  in  the  ven- 
tilation is  about  0.185  of  the  total  pressure  //"for  all  velocities. 

The  comparison  shows  equally  well  that  the  pressure  produced 
is  proportional  to  the  square  of  the  velocity,  as  theory  shows. 

The  elements  are  lacking  for  making  with  exact  precision  the 
calculation  of  effectiveness  by  means  of  formula  (56.) 

A 

Taking  approximately  the  value  of  — , we  find  that  the  efficiency 

n 

increases  with  velocity,  which  is  conformable  with  theory  ; but  the 
increase  found  by  experiment  is  more  rapid  than  that  by  the 
formula. 

In  general,  experiments  with  ventilators  do  not  furnish  enough 
elements  for  the  application  of  the  formulas,  but  all  agree  in 
showing  that  the  volume  passed  through  is  proportional  to  the 
number  of  revolutions  and  the  pressure  produced  is  proportional 
to  the  square  of  this  number. 

It  was  interesting  to  try  whether  the  increase  of  section  of  dis- 
charge from  the  envelope  would  produce  the  increase  of  pressure 
indicated  by  theory.  Mr.  Guibal  had  constructed  a great  num- 
ber of  mine  ventilators  in  which  the  air  is  forced  into  the  atmos- 
phere by  a widening  chimney.  The  results  obtained  are  most 
satisfactory  and  have  confirmed  the  theory. 

We  add  from  Mr.  Devilley  a series  of  experiments  made  in  1865 
on  a ventilator  of  the  Sainte-Placide  wells  at  the  coal  mines  of 
Crochet  and  Picquery.  This  ventilator  was  studied  in  all  the 
conditions  through  which  it  passed  in  process  of  construction 
and,  notably,  before  the  widening  chimney  had  been  built  and 
afterwards.  The  following  are  the  results  : 
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WITHOUT 

CHIMNEY. 

WITH  CHIMNEY. 

No.  of  revo- 

No.  of  revo- 

lutions  per 

Depression 

lutions  per 

Depression 

minute. 

minute. 

43 

0.0145  m- 

38 

0.017  m- 

57 

0.028  “ 

62 

0.041  “ 

70 

0.039  “ 

89 

0.085  “ 

93-5 

0.0715  “ 

89 

0.085  “ 

These  figures  establish  clearly  the  influence  of  the  chimney  on 
the  depression  produced.  The  increase  is  about  30  per  cent. 
The  results  are  confirmed  by  all  experiments  made  on  the  numer- 
ous ventilators  of  Mr.  Guibal ; but  the  elements  furnished  are  not 
sufficient  to  apply,  in  a complete  and  precise  manner,  the  formula 
of  Bernoulli. 

(To  be  continued.) 


PROCEEDINGS  OF  THE  ENGINEERING  SOCIETY  OF  LEHIGH 

UNIVERSITY. 

Oct.  29,  1891.  Meeting  called  at  7.30.  The  President  in  the 
chair  and  22  members  present.  Committee  appointed  to  draw  up 
a constitution.  A committee  was  appointed  to  arrange  a banquet. 
The  following  were  elected  members : Messrs.  A.  Schneider,  R. 
J.  Snyder,  H.  R.  Blickle,  L.  S.  Harris,  R.  F.  Gadd,  G.  A.  Gess- 
ner,  H.  B.  McCaskey,  G.  H.  Maurice,  and  J.  G.  Reid.  Standing 
committees  were  appointed  from  the  several  schools  of  Engineer- 
ing, whose  duty  it  shall  be  to  bring  before  the  Society  matters  of 
interest  pertaining  to  their  several  departments.  Mr.  Denman 
read  a paper  on  the  method  of  boring  wells  in  the  oil  regions. 
Mr.  Reynolds  read  a paper  on  the  sub-division  of  land  in  Wash- 
ington. Mr.  Bastress  presented  a paper  on  the  strength  of  sewer 
pipes.  Meeting  adjourned. 

Nov.  4,  1891.  Special  meeting.  Meeting  called  at  12.30. 
The  business  was  a report  from  the  Banquet  Committee.  By 
motion  it  was  decided  to  hold  the  banquet  Friday  evening, 
Nov.  20,  1891.  Meeting  adjourned. 
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Nov.  19,  1891.  Regular  monthly  meeting.  Meeting  called  to 
order  at  7.30.  President  Coleman  in  the  chair  and  19  members 
present.  Committee  on  Constitution  reported.  Report  was  dis- 
cussed and  voting  on  it  to  be  taken  at  following  meeting.  Messrs. 
W.  R.  Steinmetz,  W.  P.  Marr,  R.  C.  H.  Heck,  G.  H.  Frost,  H.  B. 
Shipley,  and  W.  F.  Mylander  were  elected  to  membership.  Mr. 
Snyder  read  a paper  showing  and  illustrating  the  way  that  con- 
densed steam  could  be  returned  to  a boiler  and  used  again. 
Meeting  adjourned. 

The  First  Annual  Banquet  of  the  Engineering  Society  was  held 
in  the  Gymnasium  on  the  evening  of  Friday,  Nov.  20.  Thirty- 
seven  members  were  present.  Among  the  guests  were  Prof. 
Merriman,  Messrs.  Wilcox  and  Brooks.  Supper  was  served  at 
9.30  and  the  following  toasts  responded  to  : The  Civil  Engineer, 
Prof.  M.  Merriman  ; Athletic  Engineering,  R.  M.  Wilcox  ; Lamps, 
H.  Denman;  Railroading,  J.  P.  Brooks;  Adventures  with  a 
Doughnut,  R.  S.  Rathbun;  Whiskers,  C.  L.  Olmsted.  • Committee, 
R.  L.  Baird,  A.  S.  Maurice,  H.  R.  Blickle. 

Jan.  28,  1892.  Regular  monthly  meeting.  This  meeting  was 
called  to  order  by  Vice  President  Cobb,  23  members  present. 
Constitution  was  adopted.  Messrs.  H.  L.  Mauley  and  G.  H.  At- 
kins were  elected  members.  Mr.  Cobb  reported  that  John  W. 
Eckert,  Supt.  Egypt  Cement  Works,  would  deliver  a lecture  be- 
fore the  Society,  March  17.  .Cut  for  the  ’93  Epitoyne  by  Mr. 
Saltzman  was  accepted.  The  following  papers  were  read  : R. 
B.  Olney  on  Creosoting  Timber;  W.  R.  Davis  on  Reservoirs, 
and  H.  Orth  on  Excavation  of  Sand.  Meeting  adjourned. 
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Mr.  J.  W.  Richards  found,  last  summer,  numerous  speci- 
mens of  wavellite  (hydrated  aluminum  phosphate)  in  Hart- 
man’s iron  ore  mine,  one  and  a half  miles  south  of  Hellertown,  on 
the  Springtown  road.  It  is  the  white  radiated  variety,  occurring 
either  as  a coating  one-sixteenth  to  one-eighth  inch  thick,  with 
complete  circular  radiations  two  inches  in  diameter,  or  partly  fill- 
ing fissures  in  hard  clay.  The  latter  kind  is  found  within  ten  or 
twenty  feet  of  the  surface,  the  former  is  brought  up  eighty  feet 
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out  of  the  mine.  That,  filling  fissures,  is  very  prettily  crystallized, 
the  largest  crystals  being  about  one  millimetre  long.  One  of  the 
largest  of  these  which  could  be  secured  was  examined  by  Mr. 
Richards,  resulting  in  the  identification  of  the  unit  prism  (Dana) 
and  a pyramid  which  is  probably  1-2,  but  the  minuteness  of  the 
crystal  rendered  this  latter  form  a little  uncertain. 

In  the  same  mine  was  also  observed,  occasionally  occurring 
with  the  wavellite  filling  the  fissures,  a soft,  black  substance 
having  an  earthy  fracture  and  a velvety  lustre.  A blowpipe  test 
showed  it  to  contain  manganese,  lithium,  and  phosphoric  acid, 
with  not  a trace  of  iron.  The  occurrence  of  phosphate  of  these 
two  metals  without  iron  is  the  peculiar  characteristic  of  this  sub- 
stance. Being  uncrystallized,  it  cannot  be  determined  easily 
whether  it  is  worthy  of  being  called  a distinct  mineral,  but  in 
composition  it  corresponds  to  the  black,  pitchy  substance  ob- 
served by  Dana  and  Brush  at  Branchville,  Conn.,  which  they 
suppose  to  be  formed  from  alteration  of  lithiophyllite,  with  the 
exception  that  this  contains  12-14  per  cent,  of  ferrous  oxide. 

Mr.  W.  J.  Weatherly  brought  in  a piece  of  rock  found  in  a 
a field  on  the  south  side  of  the  Lehigh  Mountain  almost  due 
south  of  the  University.  On  examination  it  proved  to  be  Gibbsite, 
hydrated  aluminium  oxide.  It  has  the  characteristic  stalactitic 
surface  of  this  mineral,  and  is  a very  good  specimen  of  the  species. 
The  same  gentleman  found  on  the  mountain,  near  the  Univer- 
sity pieces  of  the  prevailing  syenitic  granite  through  which 
molybdenite,  molybdenum  bi-sulphide,  was  plentifully  scattered. 
Similar  rock  containing  graphite  is  also  found  in  close  proximity, 
giving  thus  to  searchers  for  the  molybdenite  a very  good  oppor- 
tunity to  test  their  knowledge  of  determinative  mineralogy. 

Messrs.  Allgaier  and  Carnell,  of  the  Sophomore  class,  brought 
to  the  University  several  large  corundum  crystals,  donated  by 
Mr.  Schreiber,  of  Shimersville,  in  whose  quarry  they  were  found. 
Shimersville  is  on  the  Perkiomen  Railroad,  twelve  miles  south  of 
of  Allentown,  and  the  emery  or  corundum  quarry  has  been 
worked  there  for  some  time.  The  crystals  in  question  are  about 
two  inches  in  diameter  by  six  inches  long,  and  show  the 
crystalline  form  and  cleavage  distinctly.  They  weigh  nearly  two 
pounds  apiece. 
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(^UBSCRIPTIONS  to  The  Quarterly  are  now  due. 

THE  negative  of  the  frontispiece  was  loaned  for  the  purpose 
of  illustrating  the  article  on  “ Muir  Glacier,”  by  Prof.  Harry 
Reid  of  the  Case  School  of  Applied  Science,  who  conducted  the 
party  alluded  to  in  Mr.  Baldw  in’s  article. 

THE  spring  sports,  which  are  nowr  not  far  distant,  are  beginning 
to  claim  our  attention  and  interest.  It  is  rumored  that  sev- 
eral records  will  be  broken — the  high  kick,  the  fence  vault,  and 
others.  If  this  be  so,  and  we  have  every  reason  to  believe  that 
Mr.  Murray  will  not  disappoint  us,  we  may  anticipate  a very 
exciting  and  spirited  meeting. 

MR.  BALDWIN,  the  author  of  the  article  on  the  “Muir 
Glacier,”  has  accompanied  Prof.  G.  F.  Wright  three  separate 
years  on  expeditions  to  Alaska,  Yosemite  Valley  and  surround- 
ing country,  and  to  Germany.  Prof.  Wright  is  collecting  matter 
from  actual  and  personal  investigation  for  the  purpose  of  aiding 
him  in  his  researches  on  “The  Antiquity  of  Man.” 


VERY  comprehensive  set  of  works  pertaining  to  electricity 


has  recently  been  received  by  the  Library.  An  addition  of 
this  kind  was,  perhaps,  more  needed  in  this  department  than  in 
any  other,  and  from  the  number  of  Seniors  seen  every  day  in  the 
alcove  devoted  to  literature  of  this  nature,  we  are  sure  it  is  greatly 
appreciated.  In  another  column  of  The  Quarterly  a list  of 
these  works  is  given  for  the  benefit  of  those  whom  it  may  con- 


HE Epitome  has,  by  this  time,  most  probably  gone  to  the  press. 


in  accordance  wfith  the  laudable  intention  of  its  editors  for  its 
early  appearance.  We  were  glad  to  see  that  no  very  decided 
opposition  w-as  met  with  from  the  fraternities  upon  being  charged 
five  dollars  for  the  right  of  inserting  their  cuts.  The  management 
really  had  to  do  this  to  make  the  assets  balance  the  liabilities. 
The  number  of  books  sold  to  the  University  at  large  is  not  enough 


cern. 
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by  half,  and  the  management  had  to  apply  for  aid  to  the  most 
probable  source,  which  was,  indeed,  the  fraternities.  They  should 
feel  complimented. 

HE  base-ball  and  lacrosse  managers  have  been  wonderfully 


successful  in  fixing  dates  with  other  teams.  They  should  be 
congratulated  therefor.  The  individual  members  of  the  teams 
are  also  doing  their  duties  by  going  to  work  in  sober  earnest  to 
prepare  themselves  for  the  coming  contests. 

After  March,  we  are  informed,  there  will  be  another  field  to 
practice  on,  so  both  teams  can  practice  whenever  they  desire,  and 
there  will  be  an  end  to  the  incessant  squabbling  which  has  here- 
tofore marked  the  opening  of  the  season. 

Taking  everything  into  consideration,  we  have  a very  bright 
prospect  before  us,  and,  it  is  to  be  hoped,  a successful  season  to 
look  forward  to. 

HAS  any  one,  other  than  a Quarterly  editor,  ever  thought  what 
a dearth  there  is  of  subjects  upon  which  to  write  editorials  ? 
Every  evening  this  self-same  editor  sits  down  to  prepare  some- 
thing interesting  for  his  readers,  something  connected  with  their 
every-day  college  life ; anything  but  shop  (heavens  knows  they 
get  enough  of  that  in  the  class  room,  and,  he  hesitates  to  add,  in 
the  Quarterly  itself),  and  behold,  everything  of  which  he  can  think 
has  already  been  touched  upon,  in  an  inimitable  way,  by  our 
hustling  contemporary,  The  Burr. 

Well,  well,  the  time  has  come  when  something  must  be  done 
expeditiously,  if  not  interestingly.  What  subject  have  we  to 
begin  on?  “The  Memorial  of  Judge  Packer.”  Ah,  the  question 
now  arises,  “Is  not  discretion  the  better  part  of  valor?”  Shall  we 
lift  our  voices  in  this  argument,  and  expose  ourselves  to  the  pos- 
sible embarrassment  of  being  asked,  “And  who  are  you  to  give 
vent  to  your  opinion  in  this  matter?  Be  silent;  I am  Mr.  So  & 
So,  “ I am  Sir  Oracle;  when  I do  ope  my  mouth  let  no  dog  bark.” 
Despite  this  possibility,  we  have  determined  to  approach  the  sub- 
ject with  somewhat  of  caution. 

It  appears  to  us — and  no  one,  we  are  sure,  will  gainsay  us  this 
much — that  some  fitting  memorial,  be  it  what  it  may,  should  be 
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erected  to  Asa  Packer  by  the  graduates  and  students  of  Lehigh 
University.  This  fact  needed  no  demonstration  when  the  matter 
was  discussed,  and  the  question  as  to  the  nature  of  the  memorial 
was  left  in  the  hands  of  the  Executive  Committee  of  the  Alumni 
Association.  After  some  deliberation  the  gentlemen  on  this 
committee  decided  that  a statue  of  Judge  Packer,  erected  on  the 
campus,  was  the  fittest  way  to  show  our  appreciation  of  his  phil- 
anthropy. 

When,  however,  it  became  apparent  that  the  University  was  in 
need  of  funds,  an  objection  was  raised  to  this  scheme,  some  few 
members  of  the  alumni  thinking  that  the  money  thus  appropri- 
ated had  better  be  turned  over  to  the  present  needs  of  the  Uni- 
versity. 

Well,  there  is  much  room  for  logical  argument  on  both  sides, 
but  we  will  not  go  deeply  into  either.  There  are  just  two  or 
three  points  upon  which  we  would  say  a word. 

In  the  first  place,  some  slight  respect  should  be  shown  to  the 
decision  of  this  committee,  for  they  have  been  in  a position  to 
view  the  subject  from  almost  every  standpoint.  In  the  second 
place,  it  must  be  remembered  that  when  men,  nowadays,  give 
their  money  to  anything,  it  must  be  to  something  definite — it  must 
have  shape  and  form — so  they  can  see  it,  feel  it,  point  to  it,  pat 

their  friends  on  the  back,  and  say,  “ Look  you  at  that  fine , 

we  helped  to  build  that.”  And  so  it  is  in  this  case.  ’Tis  rather 
a prosaic,  19th  century  way  of  looking  at  it,  but  it  will  be  found 
true  in  many  cases. 

Now  there  is  something  definite  about  a statue — a noble  memo- 
rial to  Judge  Packer — to  which  the  under-graduates  of  future  years 
may  point  with  pride,  and  exclaim,  “In  hoc  signo  vinces,"  and  there 
is  also  something  unpleasantly  indefinite  in  turning  over  to  the 
University  a paltry  sum,  comparatively  speaking,  not  sufficient  to 
pay  the  instructors’  salaries  for  one  year,  nor  nearly  large  enough 
to  endow  a chair  in  Political  Economy,  Agriculture,  or  what  not, 
to  establish  perhaps  a scholarship,  or  to  be  used  to  keep  our 
campus  in  the  condition  of  its  pristine  loveliness. 

For  similar  reasons  we  see  people  who,  ready  and  willing  to 
subscribe  generously  to  a cathedral  in  New  York,  button  up  their 
pockets  when  asked  for  their  mite  to  aid  in  the  missionary  work 
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among  the  “heathen  Chinee.”  And,  therefore,  we  hazard  the 
prophecy  that  many  will  be  happy  to  give  to  the  first  cause  who 
will  look  grave  and  turn  away  when  asked  about  the  second. 

HE  question  of  optional  studies  in  the  Senior  year  has,  on  one 


or  two  occasions,  been  agitated  without  effect,  the  faculty 
undoubtedly  having  good  reasons  for  preserving  the  unity  of  the 
courses  as  they  now  stand.  Certainly  for  the  general  education 
of  the  engineer  no  beneficial  change  could  be  made.  Each  course 
has  been  mapped  out  with  a care  and  forethought  obtained  only 
by  long  experience.  These  courses  are  eminently  suited  to  the 
great  majority  of  men  who  come  here  desiring  to  get  a very  com- 
prehensive, if,  perhaps,  a slightly  superficial,  knowledge  of  their 
chosen  professions  ; but  there  is  another  class  of  men  who  desire 
not  to  follow  the  general  course,  but  to  go  more  deeply  into  those 
subjects  to  which  their  tastes  and  talents  incline  them. 

There  is  no  written  law,  that  we  are  aware  of,  which  prevents 
them  from  so  doing.  All  one  has  to  do  is  to  make  out  a roster, 
and  present  it  to  the  faculty  for  its  approval,  and  if  there  are  no 
conflicts  in  it,  and  a sufficient  amount  of  work  to  keep  one  busy, 
the  approval  is  usually  obtained. 

There  is,  however,  one  great  drawback  to  this  method  which 
prevents  every  Senior  from  making  use  of  it.  As  soon  as  he  takes 
this  step,  leaving  out  any  subject  set  down  in  the  regular  curri- 
culum, he  gives  up  all  hope  for  that  which  he  has  striven  through- 
out the  long,  long  years  since  his  Freshman  days — his  coveted 
degree. 

We  cannot  but  think  that  a little  broader  latitude  in  the  choice 
of  subjects  should  be  given  to  those  who  have  for  three  years 
eluded  the  decimation  in  our  ranks. 

The  plan  of  elective  studies  in  the  Senior  year  has  been  adopted 
at  such  universities  and  colleges  as  Ann  Arbor , The  Boston  Poly- 
technic Institute,  and  others,  and  found  to  be  very  successful,  to 
say  nothing  of  those  institutions  which  are  entirely  conducted  on 
the  German  University  System. 

Now  that  Lehigh  has  abolished  free  tuition,  it  might  give  some 
consideration  to  a matter  of  such  moment. 
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IN  the  Railroad  and  Engineering  Journals  received  since  the  last 
issue  of  The  Quarterly,  there  is  a continued  article  on 
“ Flying  Machines,”  by  the  famous  consulting  engineer,  Mr.  O. 
Chanute,  of  Chicago. 

He  is  treating  the  subject  in  a logical  manner;  giving  first  its 
history,  then  a record  of  experiments  made  at  a more  recent  date, 
and  examining  them  by  the  light  of  our  present  knowledge.  At 
present,  considerable  sober  thought  is  being  devoted  to  the  sub- 
ject by  men  of  reputation  in  the  scientific  world,  which  will 
certainly  result  in  the  accumulation  of  a larger  amount  of  valuable 
information.  Within  the  past  few  years,  experiments  have  been 
made  on  the  force  required  to  sustain  bodies  in  air,  the  results  of 
which  it  seems  almost  impossible  to  believe. 

The  future  of  the  “ flying  machine  ” is  wonderful,  and  it  is  hoped 
that  some  day  we  may  go  in  a flying  machine  from  Philadelphia 
or  New  York  to  Chicago  and  San  Francisco  by  the  shortest  dis- 
tance between  two  points,  or,  in  a straight  line. 


WAIFS  AND  STRAYS. 

IF  we  endeavor  to  keep  within  the  scope  of  our  subject  when  the  time  comes  to 
prepare  matter  for  another  issue  of  The  Quarterly,  we  find  ourselves  restricted 
somewhat  in  our  possible  choice  of  matter,  to  those  little  vagrant  thoughts  that  flit 
through  the  brain  and  are  themselves  without  any  apparent  cause  for  their  existence. 
Who  does  not,  and  who  would  not,  have  them  ? And  how  many,  perhaps,  in  a mo- 
ment of  thoughtlessness  have  attempted  to  seize  and  hold  them,  and  endeavored  to 
reduce  them  to  words,  to  plain  ordinary  prose  even,  knowing  as  we  do  how  elusive 
they  are,  and  how  like  kaleidoscopic  images  in  the  chance  of  the  same  thoughts  re- 
turning a second  time.  We  seize  our  pen  and  write  blindly,  or  it  may  be  carefully 
for  a time,  only  to  erase  and  rewrite  with  no  better  success.  Finally  we  give  it  up 
and  acknowledge  to  ourselves  that  we  are  quite  unequal  to  the  work,  for  what  we 
have  written  are  not  the  thoughts  as  we  see  them  in  our  mind’s  eye,  or  as  they  have 
come  to  us,  perhaps,  in  an  inspiration  from  reading  a page,  or  a thought  that  we 
cherish.  We  are  only  conscious  of  our  inability  to  fully  interpret  our  own  mind, 
though  feeling  that  there  is  something  within  us  (call  it  what  you  will,  thought,  dream, 
reverie,  or  embryo  action)  that  exceeds  our  power  to  describe,  or  our  ability  to  carry 
out.  We  feel  that  whatever  it  is,  it  is  the  best  part  of  us,  and  the  part  most  likely  to 
do  us  credit,  and  as  we  realize  what  an  enigma  we  are  to  ourselves,  we  perhaps 
wonder  how  many  really  know  us  as  we  are. 
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In  a great,  live  University  such  as  the  one  in  which  we  find  ourselves,  it  is  perhaps 
quite  natural  that  the  future  should  occupy  the  greater  part  of  our  thoughts,  and  that 
the  demands  upon  our  present  time  are  largely  made  in  view  of  a coming  usefulness 
to  both  our  fellow  men  and  ourselves.  As  true  in  theory  as  this  is,  it  is  also  equally 
true  that  this  begets  an  inclination  to  look  upon  most  past  actions  and  events  as  un- 
necessary to  our  future  progress  and  unworthy  of  our  present  attention.  This  is  un- 
fortunate and  most  surely  wrong,  for  even  if  the  present  is  built  up  out  of  the  past 
the  latter  has  not  by  any  means  lost  its  usefulness.  Time  and  the  changes  it  brings  is 
one  of  the  strangest  and  seemingly  inexplicable  of  things,  but  if  one  were  able  to 
make  progress  without  a knowledge  and  study — in  part  at  least — of  what  has  been 
done,  both  in  thought  and  deed,  he  would  be  the  greatest  curiosity  ever  seen.  It  is 
the  study  of  the  past  and  present,  and  not  of  the  latter  alone,  that  makes  us  what  we 
are,  although  both  are  connected  in  a way  that  admits  of  no  greater  separation. 

The  mind  is  the  man  after  all,  and  just  here  it  seems  is  one  great  point  of  superior- 
ity of  our  race  over  the  lower  ones — namely,  the  power  and  ability  to  select  from  the 
past  such  parts  as  we  choose  to  make  (mentally)  our  own.  And  what  a choice  we 
have,  not  limited  by  the  facts  alone  that  have  come  within  our  own  experience  as  the 
lower  kingdoms  must  be,  but  with  all  the  realms  of  knowledge  and  recorded  time 
within  our  grasp,  is  not  our  choice  practically  unlimited  ? How  rich,  how  infinitely 
rich,  is  he  who  can  appreciate  this  fact  in  all  its  fulness  and  choose  from  its  unending 
store  a treasure  to  his  liking. 

The  choice  will  vary  with  the  chooser,  who  perhaps  unconsciously,  perhaps  know- 
ingly, weaves  and  absorbs  much  into  his  very  being,  thus  forming,  moulding,  and 
making  the  man.  The  man,  but  not  as  he  appears  to  superficial  view  (and  it  may  be 
that  we  thought  we  knew  him  and  even  called  him  by  name  for  a score  or  more  of 
years,  and  yet  not  know  his  true  inner  self),  for  the  real  man — the  homo — the  one 
that  each  is  conscious  that  he  is  in  contradistinction  to  the  one  he  seems  to  be,  is  the 
result  and  embodiment  of  his  thoughts  and  beliefs  rather  than  the  summation  of  his 
acts.  Thus  we  cannot  help  but  admit  that  besides  being  the  architects  of  our  fortunes 
we  are  also  the  architects  to  a very  great  extent  of  our  character,  and  we  owe  our 
individuality  to  the  choice  we  make  in  our  selection  of  that  part  of  the  past  that  fur- 
nishes food  for  our  reflection  and  thought. 

If  we  make  the  thoughts  of  Goldsmith,  Irving,  or  Mitchell  our  own,  they  bring 
their  own  reward  in  giving  a tinge  to  all  our  thoughts  (be  it  ever  so  small)  of  a cheer- 
ful and  ennobling  nature  that  makes  it  possible  for  us  to  see  in  the  life  around  and 
about  us  something  akin  to  what  they  saw. 

To  be  Sidneys  and  Bayards,  we  must  have  feelings  similar  to  theirs  to  actuate  us,  and 
it  follows  “ as  the  night  the  day  ” that  our  thoughts  must  be  high  and  noble  ones,  and 
worthy  of  respect  from  even  ourselves.  We  have  a long  time  to  live  together,  we 
and  our  thoughts,  and  it  would  seem  the  most  sensible  and  natural  thing  we  could  do 
if  we  were  to  try  and  make  those  thoughts  like  the  ones  we  always  look  for  in  a 
friend.  Instead  of  allowing  our  minds  to  be  poisoned  and  lowered,  to  guard  them  as 
jealously  as  our  honor. 

Oh,  what  a mistake  we  make  when  we  suppose  the  past  has  no  lesson,  no  really  prac- 
tical lesson  for  us ; that  in  this  practical  age  we  have  no  time  for  thinking  of  things 
that  will  not  bring  us  “ a tangible  emolument  in  the  shape  of  good  hard  American  coin;’* 
no  time  for  anything  that  is  not  fresh  with  the  smell  of  the  paint  still  upon  it. 
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All  things  must  have  a beginning,  and  it  would  be  interesting  to  really  know 
which  acts  first,  the  inclination  which  is  largely,  but  not  wholly,  to  determine  the  se- 
lection or  a chance  selection  which  will  thereafter  determine  the  inclination.  Per- 
haps the  inclination  is  inherited,  and  it  is  often  gratifying  to  think  that  it  is,  aside  from 
the  fact  that  it  appears  to  be  so. 


ORIGINAL,  AND  GOOD. 


Under  a spreading  tree  they  sat, 

He  held  her  hand,  she  held  his  bat. 

I held  my  breath  and  lay  down  flat ; 

They  kissed,  I saw  them  do  it. 

He  held  that  kissing  was  no  crime, 

She  held  her  head  up  every  time. 

I held  my  breath  and  wrote  this  rhyme. 

They  thought  that  no  one  knew  it.  — Unknown. 

SONNET. 

'Tis  wonderful  what  change  twelve  months  can  bring — 

> A year  ago,  as  children,  you  and  I 

Wandered  the  woodland  where  the  shadows  lie, 

Or  sat  upon  the  seat  beside  the  spring, 

Without  a thought  of  love.  How  changed  a thing 
Is  life  to  me  today  when  you  are  nigh  ; 

What  a new  meaning  lingers  in  the  sigh 
Of  the  warm  winds  that  round  the  forest  cling. 

Sweetheart,  a year  ago  I did  nbt  guess 
The  joy  the  future  had  in  store  for  me — 

The  joy  of  love,  pervading,  measureless — 

So  blind  was  I,  I did  not  even  see 
The  sunshine  glory  of  your  eyes  and  hair 
Till  Cupid  kissed  them,  and  so  made  them  fair. 

— Burton  Egbert  Stevenson,  in  Nassau  Lit. 

IN  a recent  talk  with  a well-known  missionary  of  the  Moravian  Church  to  the  Island 
•t  of  Jamaica,  some  rather  curious  facts  about  the  colored  people  who  inhabit  the 
island  were  brought  out.  One  phase  of  the  religious  side  of  the  lives  of  certain  of 
them  is  called  “ Trooperism.”  The  “ Troopers”  believe  in  a God, but  take  a curious 
way  of  worshipping  him.  They  collect  at  some  house  at  night  where  they  can  have 
a good  spot  out  of  doors  for  dancing.  The  leader  gives  out  a hymn,  which  is  sung  in 
a very  decorous  manner.  Next  will  probably  come  some  hymn  with  a very  catchy  or 
boisterous  chorus  and  then  they  begin  operations.  The  feet  begin  to  move,  the  head 
to  jerk,  and  finally  they  all  jump  to  the  music,  dancing  from  one  foot  to  the  other,  the 
head  moving  faster  and  faster,  the  music  becoming  livelier,  until  finally,  when  exhaus- 
ted nature  can  stand  no  more,  they  drop  to  the  ground  in  a trance,  to  lie  there  until 
strength  comes  back. 
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The  colored  men  love  smooth  faces  and  heads  and  shave  themselves  with  what  they 
call  a “ grass  bottle,”  though  the  “ grass”  is  more  of  a “graws.”  To  get  their  razor 
they  break  a bottle  and  use  some  piece  with  a sharp  edge;  it  shaves  smoothly,  but  pulls 
like  a saw.  (At  some  future  time  more  will  be  told  of  them,  and  also  about  the  “pow- 
wowing ” which  exists  around  Bethlehem.) 

'T'HERE  is  a story  told  of  a well-known  professor  of  mathematics  who  went  to 
Alaska  to  make  some  observations  on  the  celebrated  Muir  Glacier.  He  had  a 
number  of  college  men  along  as  assistants,  and  of  course  they  were  obliged  to  build 
themselves  a cabin.  The  professor  very  elaborately  worked  out  some  mathematical 
equations  from  which  to  build  their  domicile.  Everything  came  out  finely  but  the 
chimney,  and  in  deriving  the  equation  for  the  same  he  determined  the  sign  of  the 
constant  of  integration  incorrectly,  and  on  trying  the  chimney  it  was  found  the  draught 
was  in  the  wrong  direction  and  each  time  a fire  was  needed  they  were  obliged  to  send 
a man  up  on  the  roof  to  build  it  on  the  top  of  the  chimney,  which,  to  be  sure,  was 
somewhat  inconvenient. 

T IKE  a river  bearing  on  its  bosom  leaves  and  stray  things  from  the  forest  whence  it 
" comes,  so,  often,  does  the  history  of  an  old  town  bear  down  to  us  many  odd  and 
pretty  stories  or  legends  about  the  time  so  long  past;  and  often,  like  school  boys,  we 
wade  out  into  the  stream  and  rescue  something,  like  the  following,  that  attracts  our 
eye.  In  the  early  days  Bethlehem  was  often  threatened  by  Indians,  though  never 
actually  harmed.  At  one  time  an  attack  had  been  carefully  planned  and  nearly  put 
in  operation,  but  was  averted  by  what  must  have  been  considered  a special  act  of 
Providence.  Towards  evening  on  a summer  day  the  Indians  lay  in  ambush,  waiting 
for  the  twilight  to  thicken  into  darkness  to  hide  their  advance. 

It  was  one  of  those  listless,  dreamy  afternoons,  warm,  clear,  and  quiet,  so  peaceful 
that  one  could  almost  think  a dropping  into  sleep  meant  an  endless  rest. 

Still  as  the  day  were  the  Indians  and  no  doubt  were  whiling  away  the  passing  time 
by  thinking  of  the  awful  scenes  they  were  so  soon  to  witness,  but  their  musings  were 
broken  in  upon  by  soft, liquid  strains  of  music  unlike  anything  they  had  ever  heard  before, 
and  they  turned  and  looked  about  awe-struck  to  see  from  whence  it  came ; on  the  still, 
dreamy  air  it  floated,  borne  along  by  unseen  powers.  It  seemed  to  come  from  no 
where  but  the  clear  blue  sky  above;  so  mournful  and  so  sad  that  it  almost  melled- 
their  very  souls  away.  It  set  the  air  quivering,  the  leaves  trembled  as  it  sighed  and 
rose  and  fell  in  its  sweetness.  As  the  music  stopped,  the  savages  turned  to  each  other 
to  see  if  the  other  had  solved  the  mystery.  Only  one  idea  for  them  all.  It  was  the 
voice  of  the  Great  Spirit  beseeching  his  children  to  turn  and  leave  their  white  enemies 
in  peace.  Again  the  music,  sweeter  and  sadder  than  before,  as  if  the  Great  Spirit 
saw  them  yielding  and  was  pleading  more. 

The  simple  children  of  the  forest  could  bear  it  no  longer,  and,  turning  their  faces, 
they  tramped  westward,  the  music  floating  after  till  it  died  away  in  the  distance. 

TN  the  winter  of  1842  a sailor  had  been  killed  at  Fairport,  O.,  a small  town  on  the 

shores  of  Lake  Erie,  by  falling  from  a pier  onto  the  ice.  His  skull  was  fractured, 
and  no  doubt,  from  a medical  student’s  point  of  view,  was  an  interesting  subject.  The 
sailors  gave  their  dead  friend  a suitable  funeral  and  deposited  him  in  his  final  resting 
place,  as  they  supposed.  A few  days  later  it  was  learned  that  the  grave  had  been 
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opened  and  the  body  of  the  sailor  gone.  Suspicion  immediately  pointed  to  the  medi- 
cal college  at  Willoughby,  about  ten  miles  away.  The  sailors  were  wrathy  and  finally 
determined  to  make  a night  attack  on  the  college  and  recover  the  dead  sailor.  The 
students  heard  of  it,  and,  some  armed  with  guns  and  some  with  old  swords  that  prob- 
ably did  duty  in  the  war  of  ’76  or  1812,  they  quietly  turned  the  old  medical  college 
into  a fort.  Doors  were  bolted  and  barricaded,  guards  appointed  and  lookouts  sta- 
tioned at  every  window,  expecting  each  moment  to  see  the  sailors  appear.  They 
waited  until  midnight,  and  then,  no  sailors  appearing,  scouts  were  sent  out  to  find  the 
foe.  It  was  then  learned  that  the  sailors  had  reached  Mentor,  the  old  home  of  Gar- 
field, and  there,  imbibing  too  much  whiskey  to  keep  up  their  courage,  had  become  en- 
gaged in  a fight  among  themselves  and  had  returned  to  Fairport,  a little  sorer  but  much 
soberer.  The  next  day  the  sailors  made  such  a disturbance  that  a committee  of  citi- 
zens from  Willoughby  was  appointed  to  search  the  medical  college  for  the  body  of  the 
sailor.  The  committee,  armed  with  long  iron  rods,  began  their  search  with  permis- 
sion of  Dr.  Ackley,  the  famous  surgeon.  The  doctor  showed  them  ever)'  room  in  the 
building,  the  dissecting  room  included,  and  finally  led  them  into  the  basement,  which 
had  a soft,  lake-sand  floor.  With  their  long  iron  rods  the  members  of  the  committee 
prodded  the  sand  as  far  as  they  could.  Not  a square  foot  was  left  untouched.  When 
they  were  satisfied  that  the  college  was  innocent,  they,  making  all  sorts  of  apologies, 
started  to  go,  but  at  the  request  of  Dr.  Ackley,  who  was  the  professor  of  surgery,  they 
attended  a lecture  by  him,  in  a room  at  the  top  of  the  building,  on  the  diseases  of  the 
face.  A subject  to  illustrate  was  brought  in,  the  skin  being  turned  back  from  the  face 
to  allow  the  doctor  to  explain.  Ackley  turned  to  the  audience  of  committeemen  and 
students,  and  pointing  to  the  subject,  said,  “ Gentlemen,  here  is  a very  fine  subject, 
but,  as  you  can  see,  his  own  mother  would  not  know  him,”  and  then  proceeded  to  his 
lecture.  At  its  close  the  committee  thanked  the  doctor  and  left  for  their  homes,  re- 
porting to  the  waiting  sailors  that  the  sailor’s  body  was  not  in  the  building.  In  their 
search  in  the  basement  they  had  not  gone  deep  enough  and  so  escaped  finding  what 
they  were  looking  for.  They  saw  the  object,  of  their  search  at  the  lecture,  but  as 
the  doctor  had  said,  “his  own  mother  would  not  know  him,”  and  the  committeemen 
certainly  did  not. 

G LOWLY  and  surely  the  unseen  spirit  of  the  dying  day  was  spreading  the  pall  of 
k~'  darkness  over  the  tired  and  weary  world.  The  long  shadow  cast  by  the  tower  of 
grim  old  Packer  Hall  had  long  ago  stretched  across  Shanty  Hill,  and  died  into  dim- 
ness in  the  cemetery.  On  the  New  Street  Bridge  the  old  tollman  was  tenderly  wash- 
ing the  epithets  of  disgusted  students  from  his  beloved  directory,  so  thoughtfully  placed 
there  for  their  benefit. 

On  Shanty  Hill,  the  last  lagging  goat,  unmindful  of  its  owner’s  loving  call,  was 
browsing  contentedly  on  American  tin-plate  tomato  cans. 

In  Bethlehem  town,  with  noiseless  steps  and  slow,  a great  and  noble  man,  of  im- 
posing mien  and  gigantic  understanding,  was  pacing  the  half-deserted  streets ; in  his 
hand  a club,  of  weight  and  size  enough  to  strike  terror  into  the  souls  of  any  of  the 
younger  generation  of  the  Freshman  family.  At  times  he  grasped  his  club  with  clenched 
hands,  and,  stealthily  turning,  eyed  with  unblanched  cheek  his  pursuing  shadow,  cast 
by  the  lately  rising  moon. 

All  wakeful  nature  was  dying  into  the  night,  and  soon,  too  soon,  would  tired  man 
bow  down  to  the  ruling  god  of  sleep.  And  now  begins  the  unfolding  of  an  awful  tale. 
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In  the  moonlight  the  golden  hands  on  the  old  church  clock  show  by  their  glitter 
the  hour  of  midnight.  And  at  the  first  sound  of  the  striking  bell  there  arose  from 
the  toll  bridge,  spanning  the  river’s  tide,  the  faint  sound  of  voices  wafted  along  on  the 
sleepy  air.  One  was  the  voice  of  an  old  man,  short  and  gruff,  the  other  was  the 
voice  of  the  spirit  of  the  night : “ Toll,  toll,  pay  your  toll,”  came  with  such  a pathos 
in  the  quavering  voice  as  set  the  old  bridge  to  groaning  and  shivering  in  its  sympathy. 
■“  Toll,  toll,  toll,” — it  seemed  to  show  the  end  of  dying  hopes — to  ring  the  knell  of 
departed  centses  and  lost  estate. 

The  listening  river  moved  uneasily  in  its  rocky  bed.  The  trees  bowed  down  their 
heads  and  quivered  in  their  desire  to  aid  the  faltering  voice.  Then  came  the  spirit  of 
the  night — silently  it  came  and  silently  went,  onward  in  its  march  across  the  feeble 
old  structure. 

“ Toll,  toll,  toll,  toll.”  The  spirit  of  the  night  turned  and  with  piercing  eye  and 
pointing  finger  spake  these  words : “ In  the  dying  past  it  is  told  that  man  once 
dropped  into  the  yawning  coffers  of  a system  doomed  to  die — money.  But  soon  up- 
rose the  spirit  of  wronged  man,  and  he  freed  himself  from  the  binding  tribute  of  a 
thing  long  dedicated  to  the  ancient  days.  Man’s  earth  and  air  and  sky  are  free,  and 
so  your  poor  old  bridge  is  free.  Now  may  it  die,  and  in  its  dying  sing  the  song  of 
freedom.  Go,  and  may  the  imaginings  of  your  backward  turning  mind,  lead  you  no 
more  to  haunt  this  place.”  The  spirit  of  the  night  was  gone,  and,  turning,  I saw  in 
the  moonlight  the  figure  of  a man,  old  and  gray.  A great  and  awful  change  was 
taking  place.  Slowly  the  hands  traveled  to  the  throbbing  brow.  The  head  lowered 
until  it  rested  on  the  breast.  The  knees  trembled  and  then  gave  way.  I turned  but 
once  again  as  I wandered  on  my  way  and  saw  but  a shapeless  heap — the  monument 
to  the  dead  toll  bridge. 


FOR  LEHIGH  MEN. 

NOTES. 

This  column  will  contain,  chiefly,  such  information  in  regard  to  addresses  and  occupations  of  Alumni 
as  does  not  appear  in  the  latest  issue  of  the  Lehigh  Register.  Please  contribute. 

’76.  Walter  P.  Rice,  C.E.,  Arcade  Building,  Cleveland,  O. 

’88.  W.  M.  Webb,  M.E.,  Link  Belt  Eng.  Co.,  Nicetown,  Pa. 

’88.  H.  S.  Miner,  A.C.,  Expert  in  Mechanical  Laboratory  of  Welsbach  Light  Co. 
Address,  214  Somerset  Street,  Gloucester,  N.  J. 

’89.  C.  W.  Schwartz,  Jr.,  M.E.,  Link  Belt  Eng.  Co.,  Nicetown,  Pa. 

Mr.  Fred.  E.  Fisher,  ’90,  died  of  typhoid  fever  at  Florence,  Ala.,  Nov.  23d,  1891. 
’91.  L.  R.  Shellenberger,  C.E.,  Link  Belt  Eng.  Co.,  Nicetown,  Pa. 

’91.  J.  S.  Heilig,  M.E.,  Maryland  Steel  Co.,  Sparrow’s  Point,  Md. 

’91.  Henry  Kemmerling,  C.E.  Address,  Scranton,  Pa. 

’91.  F.  C.  E.  Lauderbum,  B.S.  Address,  Hazleton,  Pa. 

’91.  F.  A.  Merrick,  E.E.,  Thomson-Houston  Co.,  Lynn,  Mass. 

’91.  J.  A.  McClung,  B.S.  Address,  94  Neshannock  Avenue,  New  Castle,  Pa. 

’91.  D.  A.  Usina,  C.E.  Address,  78  Bolton  Street,  Savannah,  Ga. 

’91.  G.  E.  Wendle,  E.E.,  Wendle’s  Real  Estate  Office,  Frankford.  Address,  2452 
Frankford  Avenue,  Philadelphia. 
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American  Electrical  Directory. 

Atkinson,  Elements  of  Static  Electricity. 

Atkinson,  Elements  of  Electric  Lighting. 

Badt,  Incandescent  Wiring. 

Badt,  Dynamo  Tenders’  Handbook. 

Badt,  Bell  Hangers’  Handbook. 

Benjamin,  Age  of  Electricity. 

Blakesley,  Alternating  Currents. 

Du  Moncel,  The  Telephone. 

Electricity  in  Daily  Life. 

Fiske,  Electricity  in  Theory  and  Practice. 

Foote,  Electric  Light  and  Power. 

Haskins,  Galvanometer  and  its  Uses. 

Heap,  Electric  Appliances. 

Gordon,  Static  Electric  Induction. 

Houston,  Electrical  Dictionary. 

Kennedy  & Wilkinson,  Practical  Notes  for  Electrical  Students. 

Lockwood,  Electrical  Measurement. 

Lockwood,  Electricity  and  Magnetism. 

McClure,  Edison  and  his  Inventions. 

Maver  & Davis,  The  Quadruplex. 

Mendenhall,  Century  of  Electricity. 

Morton  & Anderson,  Electric  Lighting. 

Murdock,  Electricity  and  Magnetism. 

Niandet,  Electric  Batteries. 

Nipher,  Magnetic  Measurements. 

Pickering,  Physical  Manipulations. 

Prescott,  Dynamo  Electricity. 

Pynchon,  Chemical  Physics. 

Reid,  Telegraph  in  America. 

Schellen,  Dynamo  Electric  Machines. 

Sabine,  History  of  Electric  Telegraph. 

Tyndall,  Dymagnetism. 

Tyndall,  Lessons  in  Electricity. 

Tyndall,  Light  and  Electricity. 

Davis,  Electric  Wiring. 

Terry  and  Finn,  Telegraphic  Apparatus. 

Donaldson,  Transmission  of  Power. 

Ibbetson,  Mathematical  Theory  of  Elasticity. 

Longridge,  Internal  Ballistics. 

Robinson,  Hydraulic  Power. 

Slagg,  Water  Engineering. 

Smith,  Graphics. 

Tredgold,  Hydraulics. 
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Forbes,  Electricity. 

Fahie,  Electric  Telegraph. 

Fontaine,  Electrolysis. 

Fleming,  Alternate  Current  Transformer. 

Gordon,  Electricity  and  Magnetism,  2 vols. 
Gordon,  Electric  Lighting. 

Gore,  Electro-Chemistry. 

Harris,  Electricity. 

Harris,  Magnetism. 

Hedges,  Electric  Light. 

Hedges,  Central  Station  Electric  Lighting. 

Hobbs,  Electric  Measurements. 

Wharton,  Domestic  Electricity. 

Jeans,  Lives  of  Electricians. 

Jenkin,  Electrical  Standards. 

Jenkin,  Electricity  and  Magnetism. 

Kapp,  Electric  Transmission  of  Energy. 

Kempe,  Electrical  Testing. 

Lloyd,  Magnetism. 

Langdon,  Application  of  Electricity. 

Levander,  Magnetism  and  Electricity. 

Mascart  & Joubert,  Electricity  and  Magnetism. 
Maxwell,  Electricity. 

Noad,  Electricity. 

Monro  & Jameson,  Electrical  Rules  and  Tables. 
Cunningham  & Glen,  Electric  Lighting  Act,  1882. 
Parnell,  Action  of  Lighting. 

Plante,  Storage  of  Electrical  Energy. 

Preece  & Sivewright,  Telegraphy. 

Preece  & Maier,  The  Telephone. 

Reynier,  Voltaic  Accumulator. 

Salamons,  Electric  Light  Installation. 
Schwendler,  Testing  Instruction,  2 vols. 

Slingo  & Brooker,  Electrical  Engineering. 
Stephen,  Electric  Lighting. 

Stewart,  Elementary  Physics. 

Swinburne,  Electrical  Measurements. 

Symons,  Report  of  Lightning  Rod  Conference. 
Ayrton,  Practical  Electricity. 

Barlow,  Magnetic  Attractions. 

Bottone,  Electric  Bells. 

Bottone,  Electrical  Instruments. 

Bottone,  The  Dynamo. 

Clark  & Sabine,  Electrical  Tables  and  Formulas. 
Cumming,  Electricity. 

Cumming,  Theory  of  Electricity. 

Day,  Electrical  Measurements. 
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Day,  Electric  Light  Arithmetic. 

Dredge,  Electric  Illumination,  2 vols. 

LaRive,  Electricity,  3 vols. 

Du  Moncel,  Electric  Lighting. 

Du  Moncel  & Geraldy,  Electricity  as  a Motive  Power. 
Thomson,  Popular  Lectures. 

Meldola,  Chemistry  of  Photography. 

Lodge,  Modem  Electricity. 

Thompson,  Electricity  and  Magnetism. 

Thompson,  Dynamo  Electric  Machines. 

Urquhart,  Electric  Light. 

Urquhart,  Electro-Typing. 

Urquhart,  Electro-Plating. 

Walker,  Electricity. 

Watt,  Electro-Depositions. 

Wilson,  Stereotyping  and  Electrotyping. 

Williams,  Telegraphy. 

Warmell,  Electricity. 
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A continuous  key  to  the  abbreviations  of  the  names  of  periodicals  can  be  found  in 
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INDEX  TO  SUBJECTS  FROM  TECHNICAL  PERIODICAL 
LITERATURE. 

Abnormal  Rainfall  of  1889,  The.  Proc.  Eng.  C.  of  Phila.,  Apr.,  ’91. 
Acetylcarbinol.  Jour.  Chem.  Soc.,  Nov.,  ’91. 

Acoustics.  Am.  Arch.,  Nov.  28,  ’91. 

Actinism,  Is  it  a Species  of  Electrolysis?  Jour.  Frank.  Inst.,  Dec.,  ’91. 

Action  of  Ammonia  on  Etherial  Salts  of  Organic  Acids.  Jour.  Chem.  Soc.,  Oct.  ’91. 
Action  of  Metals  on  India  Rubber.  Chem.  News,  Oct.  2,  ’91. 

Action  of  Picric  Chloride  on  Amines  in  Presence  of  Alkali,  The.  Jour.  Chem.  Soc., 
Sept.,  ’91. 

Action  of  Steam.  Eng.,  Dec.  25,  ’91. 

African  Boundaries,  and  the  Application  of  Indian  Systems  of  Geographical  Survey 
to  Africa.  Proc.  Roy.  Geog.  Soc.,  Oct.,  ’91. 

Air  Compressors  and  Motors,  Compound.  Eng.,  Dec.  4,  ’91. 

Alatropic  States  of  Sulphur,  Two  New.  Am.  Jour.  Phar.,  Oct.,  ’91. 

Alcohol,  Detection  of  Impurities  in.  Jour.  Anal.  & Ap.  Chem.,  Sept., ’91. 
Alternating  Current  Machines,  Some  Curves  for.  Elec.  World,  Nov.  14,  ’91. 
Alternating  Currents,  Measurement  of  Power  Developed  by  in  any  Circuit.  Elec. 
World,  Dec.  26,  ’91. 

Alternating  Current  Ohmmeters.  Elec.  World,  Dec.  19,  ’91. 

Aluminum.  Eng.  Min.  Jour.,  Jan.  2,  ’92. 

Aluminum  in  Iron  and  Steel,  The  Direct  Determination  of.  Iron,  Jan.  20,  ’92. 
Aluminum  in  Iron  and  Steel, The  Direct  Determination  of.  Jour.  Anal,  and  Ap.  Chem., 
Nov., ’91. 

Aluminum  in  Iron  and  Steel,  Direct  Determination  of.  Chem.  News,  Nov.  16,  91. 
Aluminum,  The  Properties,  Uses  and  Processes  of  Production  of.  Jour.  Anal,  and 
Ap.  Chem.,  Sept.,  ’91. 

American  Frame  Houses,  The  Planning  and  Construction  of.  Am.  Arch.,  Dec.  I2,’9I. 
American  Industries  Since  Columbus,  Development  of.  Pop.  Sci.  Mo.,  Nov.,  ’91. 
American  Theatres.  Am.  Arch.,  Dec.  9,  ’91. 

American  Timber,  The  Scientific  Study  of.  R.  R.  Gaz.,  Dec.  4,  ’91. 

Anchoring  Beams  in  Building  Constructions,  Goetz-Mitchell  System  of.  Jour. 
Frank.  Inst.,  Nov.,  ’91. 

Annealing,  A Non-oxidizing  Process  of.  Eng.  News,  Jan.  2,  ’92. 

Antimony.  Eng.  Min.  Jour.,  Jan.  2,  ’92. 

Antimony,  A Method  for  the  Separation  of  from  Arsenic  by  simultaneous  action  of 
Hydrochloric  and  Hydriodic  Acids.  Jour.  Anal,  and  Ap.  Chem.,  Nov.,  ’91. 

Architect  and  his  Artists,  The.  Am.  Arch.,  Jan.  2,  ’92. 

Architect  as  a Builder,  The.  Am.  Arch.,  Dec.  9,  ’91. 
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Armor  Plate  Trials.  Eng.,  Nov.  13,  ’91. 

Armor  Tests.  Recent.  R.  R.  and  Eng.  Jour.,  Dec.,  ’91. 

Arsenic,  Detection  of.  Jour.  Anal,  and  Ap.  Chem.,  Oct.,  ’91. 

Arsenic,  The  Quantitative  Determination  of.  Am.  Chem.  Jour.,  Nov.,  ’91. 
Asphaltum.  Eng.  Min.  Jour.,  Jan.  2,  ’92. 

Asylums,  Arrangement  and  Constructions  of.  Eng.  Build.  Rec.,  Nov.  28,  ’91. 
Atlantic  Liner,  Past,  Present  and  Future,  The.  Eng.,  Dec.  4,  ’91. 

Aviator  Flying  Machine,  The.  Pop.  Sci.  Mo.,  Jan.,  ’92. 

Baldwin  TenAVheeler  on  the  B.  & O.  R.  R.,  Tests  of.  R.  R.  Gaz.,  Nov.  27,  ’91. 
Bath  Houses  at  Berlin,  Public.  Am.  Arch.,  Oct.  3,  ’91. 

Bees-Wax  Adulterations.  Jour.  Anal,  and  Ap.  Chem.,  Sept.,  ’91. 

Bees- Wax,  The  Analysis  of.  Am.  Jour.  Phar.,  Oct.,  ’91. 

Belt  Dynamometer,  A.  Eng.,  Sept.  18,  ’91. 

Bessemer  Iron  and  Steel.  Am.  Arch.,  Nov.  28,  ’91. 

Block  Signaling,  Application  of  Electricity  to.  Elec.  World,  Jan.  9,  ’92. 

Blue  Printing  Apparatus,  An  Accurate.  R.  R.  & Eng.  Jour.,  Oct.,  ’91. 

Boiler  Pattern  Work.  Am.  Mach.,  Dec.  17,  ’91. 

Boilers  Over  Puddling  Furnaces.  Am.  Manuf.  & I.  W.,  Nov.  27,  ’91. 
Bye-Products  of  the  Coke  Industry,  The  Utilization  of  the.  Jour.  Frank.  Inst., 
Nov.,  ’91. 

Cadmium  in  Assaying  Gold  Bullion,  The  use  of.  Jour.  Frank.  Inst.,  Nov.,  ’91. 
Cadmium,  The  Use  of  in  Assaying  Gold  Bullion.  Jour.  Anal,  and  Ap.  Chem., 
Nov.,  ’91. 

Calcium  Phosphate  Deposited  from  an  Acetic  Acid  Solution.  Chem.  News,  Dec. 
11,  ’91. 

Cam  Motions.  Am.  Mach.,  Dec.  17,  ’91. 

Cannabis  Indica.  Am.  Jour.  Phar.,  Aug.,  ’91. 

Carbonizing  by  Machinery.  Join-.  Gas  Light,  Nov.  17,  ’91. 

Car  Lighting,  Comparison  of  Various  Systems  of.  Eng.  News,  Oct.  10,  ’91. 
Cathedrals,  English  and  French.  Am.  Arch.,  Oct.  10,  ’91. 

Ceanothus  Americanus,  The  Leaves  or.  Am.  Jour.  Phar.,  Sept.,  ’91. 

Ceanothus  Americanus,  Proximate  Analysis  of  the  Root  of.  Am.Jour.Phar.,  Sept., ’91. 
Cement  Burning,  Notes  on.  Eng.,  Oct.  23,  ’91. 

Centrifugal  Pumps,  Efficiency  of.  Eng.,  Dec.  11,  '91. 

Chestnut  Wood  Tannin.  Jour.  Frank.  Inst.,  Oct.,  ’91. 

Chestnut  Wood  Tannin.  Chem.  News,  Nov.  20,  ’91. 

Chilled  Cast  Iron,  The  Manufacture  of.  Iron,  Nov.  13,  ’91. 

Chinese  System  of  Gold  Mining,  A.  Eng.  Min.  Jour.,  Dec.  5,  ’91. 

Choice  of  a Dynamo,  Considerations  Governing.  Elec.  World,  Oct.  17,  ’91. 

Coal  for  Use  in  Steam  Boilers,  Valuation  of.  Chem.  News.  Chem.  News,  Dec. 
18,  ’91. 

Cobalt  Salts,  Oxidation  by  Electrolysis.  Jour.  Chem.  Loc.,  Oct.,  ’91. 

Coast  Defenses,  A Suggestion  for.  R.  R.  & Eng.  Jour.,  Nov.,  ’91. 

Combustion,  Notes  on.  R.  R.  & Eng.  Jour.,  Nov.,  ’91. 

Comparative  Architecture.  Am.  Arch.,  Nov.  7,  ’91. 
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Comparison  of  Steam  Vessels,  Notes  on.  Eng.,  Nov.  27,  ’91. 

Compound  Engines  (serial).  Am.  Mach.,  Aug.  20,  ’91. 

Compound  Engines  for  the  M.M.  Committee,  Vauclain.  R.  R.  Gazette,  Nov.  20,  ’91. 
Compounding  Locomotives,  R.  I.  Locomotive  Works,  System  of.  R.  R.  Gazette, 
Dec.  11,  ’91. 

Compound  Locomotives,  Practical  Tests  of.  Jour.  Assn.  Eng.  Soc.  Oct.,  ’91. 
Compound  Locomotives  in  Fast  Passenger  Service,  Tests  of.  Eng.  News,  Dec. 
12,  ’91. 

Construction  and  Maintenance  of  Underground  Circuit.  Elec.  World,  Sept.  5,  ’91. 
Concentration  of  Iron  Ores.  Am.  Manuf.  & I.  W.,  Nov.  27,  ’91. 

Continuous  Rails  for  Railways.  Proc.  Eng.  C.  of  Phila.,  April,  ’91. 

Copper  Welding.  Iron  Age,  Dec.  31,  ’91. 

Corliss  Engines.  Eng.,  Dec.  18,  ’91. 

Corn  and  Maize  Kernel,  A Study  of  the  Protoids  of.  Amer.  Chem.  Jour.,  Nov.  ’91. 
Cream  of  Tartar,  Manufacture  of.  Jour.  Anal,  and  Ap.  Chem.,  Oct.,  ’91. 
Cultivation  of  Inventive  Capacity.  Am.  Mach.,  Nov.  5,  ’91. 

Cultivation  of  Inventive  Capacity  by  the  solution  of  Constructive  Problems.  Am. 
Mach.,  Oct.  8,  ’91. 

Culture  of  Flowers  and  the  Production  of  Perfumes  in  the  Riviera.  Am.  Jour. 
Phar.,  Oct.,  ’91. 

Demolition  of  Rocks  under  Water  without  Explosives — Sobrietz  System.  Proc. 
Eng.  C.  of  Phila.,  Apr.,  ’91. 

Dependent  (Overhead  or  Underground)  System  of  Electromotive  Power.  Eng. 
News,  Oct.  31,  ’91. 

Dialysis  by  Means  of  Sulphate  of  Calcium.  Am.  Jour.  Phar.,  Sept.,  ’91. 
Dimensions  of  Wooden  Beams,  Graphical  Determination  of.  Eng.  Build.  Rec., 
Dec.  26,  ’91. 

Disappearing  Turrets  for  Nordenfeldt  Quick  Firing  Guns.  Eng.,  Nov.  30,  ’91. 
Discharge  of  Surface  Pipes,  Diagrams  and  Formulas  for.  Eng.  Build.  Rec., 
Nov.  11,  ’91. 

Draw  Span  Reactions,  Diagram  for.  R.  R.  Gazette,  Jan.  8,  ’92. 

Drift  Bolts  and  Spikes,  Holding  Power  of.  Eng.  News,  Sept.  26,  ’91. 

Drinking  Water  Diseases,  Notes  on  Cases  of.  Jour.  Frank.  Inst.,  Nov.,  ’91. 
Driving  Tunnels  at  Slight  Depths.  Eng.  Build.  Rec.,  Oct.  24,  ’91. 

Dry  Sand  Moulding,  with  Examples  for  different  classes  of  Work.  Am.  Mach., 
Dec.  24,  ’91. 

Dust.  Pop.  Sci.  Mo.,  Dec.,  ’91. 

Dyeing,  Calico  Printing,  Paper  Staining,  and  Bleaching.  Jour.  Soc.  Chem.  Ind., 
Oct.  31,  ’91. 

Dynamo,  The  Birth  of  a.  Am.  Eng.,  Nov.  7,  ’91. 

Economic  Botany,  Some  of  the  Possibilities  of.  Pop.  Sci.  Mo.,  Nov.,  ’91. 

Efficiency  of  Coal,  Determination  of.  Jour.  Gas  Light,  Dec.  15,  ’91. 

Efficiency  of  Non-Condensing  Compound  Engines.  Am.  Mach.,  Nov.  19,  ’91. 
Effects  of  Alloys  on  the  Mechanical  and  Physical  Properties  of  Metals.  Iron, 
Nov.  6,  ’91. 

Eight-centered  Oval  and  Ellipse,  The.  Am.  Mach.,  Sept.  3,  ’91. 
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Electricity  in  Mining.  Elec.  World,  Dec.  26,  ’91. 

Electric  Heating.  Elec.  World,  Oct.  3,  ’91. 

Electric  Horse  Power.  Am.  Eng.,  Dec.  28,  ’91. 

Electric  Light,  Influence  on  Plants  of.  Eng.  Build.  Rec.,  Oct.  3,  ’91. 

Electric  Lighting  of  War  Ships.  Eng.  News,  Dec.  5,  ’91. 

Electric  Reciprocating  Engine.  Iron  Age,  Dec.  24,  ’91. 

Electrical  Parcel  Exchange  System.  Eng.,  Sept.  25,  ’91. 

Electrical  Transmission  of  Power  by  Alternating  Currents.  Elec.  World,  Oct.  10, ’91. 
Elimination  of  Sulphur  from  Pig  Iron.  Eng.  Min.  Jour.,  Nov.  21,  ’91. 

Ellipse,  Forming  the.  Am.  Mach.,  Sept.  24,  ’91. 

Emery  Wheels,  A Comparison  of  fifteen  American  Varieties  of  Solid.  Jour. 
Frank.  Inst.,  Nov.,  ’91. 

Engine  and  Helm  Control.  Iron  Age,  Oct.  22,  ’91. 

English  and  American  Locomotives,  Relative  Merits  of.  R.  R.  Gazette, 
Nov.  27,  ’91. 

English  and  American  Locomotives.  R.  R.  and  Eng.  Jour.,  Nov.  ’91. 

English  Road  Bridge,  An.  R.  R.  and  Eng.  Jour.,  Nov.,  ’91. 

Etherial  Oils,  Olefinic  Constituents  of.  Am.  Jour.  Phar.,  Sept.,  '91. 

Ethics  of  Confucius,  The.  Pop.  Sci.  Mo.,  Nov.,  ’91. 

Factor  of  Safety,  A.  Iron  Age,  Oct.  15,  ’91. 

Ferric  Phosphate  U.  S.  P.  and  Ferric  Pyrophosphate  U.  S.  P.  Am.  Jour.  Phar., 
Dec.,  ’91. 

Ferrous  Syrup  of  the  Hypo-Phosphites.  Amer.  Jour.  Phar.,  Aug.,  ’91. 

Fire-Proof  Construction.  Iron  Age,  Nov.  5,  ’91. 

Fire  Resisting  Materials,  Report  on  Tests  of.  Amer.  Tech.,  Oct.  17,  ’91. 

Fly  Wheels.  Eng.,  Oct.  6 and  20,  ’91. 

Floors,  Soft  and  HardWood.  Am.  Arch.,  Oct.  17,  ’91. 

Formless  Ferments  and  Poisons  in  Blood,  Detection  of.  Am.  Jour.  Phar.,  Dec., ’91, 
and  Chem.  News,  Oct.  23, ’91. 

Fuel  Gas,  Its  Production  and  Distribution.  Jour.  Frank.  Inst.,  Dec.,  ’91. 

Fusion  of  Steel,  The.  Eng.,  Oct.  23,  ’91. 

Galveston  Harbor  Problem.  Jour.  Frank.  Inst.,  Oct..  ’91. 

Gas  vs.  Steam  Power.  Eng.,  Dec.  11,  ’91. 

Ginger  and  its  Oleorensin.  Am.  Jour.  Phar.,  Nov.,  ’91. 

Ginger,  The  Trade  in  and  its  Economic  Uses.  Am.  Jour.  Phar.,  Nov.,  ’91. 
Glasgow  Harbor  Tunnel.  R.  R.  and  Eng.  Jour.,  Oct.,  ’91. 

Glass  Furnace  Construction  in  Europe.  Am.  Manuf.  and  J.  W.,  Nov.  23,  ’91. 
Glycerides,  Reaction  of  with  Alcoholic  Alkalies.  Chem.  News,  Oct.  9,  ’91. 
Government  Armour  Plate  Tests  at  the  Indian  Head  Proving  Grounds.  Eng.  News, 
Nov.  28,  ’91. 

Government  Timber  Tests.  Eng.  News,  Nov.  28,  ’91. 

Grain  Storesand  Machinery.  Eng.,  Sept.,  11,  ’91. 

Granolithic  Pavements.  Proc.  Eng.  C.  of  Phila.,  Apr.,  ’91. 

Gravivolumeter.  Jour.  Chem.  Soc.,  Nov.,  ’91. 

Heated  Air  and  Steam — A New  Motive  Power.  Am.  Arch.,  Oct.  10,  ’90. 

Heating  and  Ventilating  the  U.  S.  Senate  Chamber.  Eng.  Build.  Rec.,  Oct.  3,  '91. 
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High  Buildings,  Steel  Skeleton  Type  of.  Eng.  News,  Dec.  5,  ’91. 

Hoosac  Tunnel  Bore,  The  Great.  R.  R.  Gaz.,  Dec.  4, ’91. 

How  Many  Cylinders  will  it  Pay  to  Introduce  in  the  Multi-Cylinder  Engine  ? R.  R. 
and  Eng.  Jour.,  Dec.,  ’91. 

Hudson  River  Bridge  (Design.)  Am.  Mach.,  Dec.  31,  ’91. 

Ignition  of  Coal,  The  Spontaneous.  Eng.,  Sept.  25,  ’91. 

Independent  (Storage  or  Primary  Battery)  System  of  Electric  Motive  Power,  The. 
Eng.  News,  Oct.  31,  ’91. 

Indicator  for  Detecting  Movements  in  Masonry.  Eng.  News,  Dec.  19,  ’91. 
Indicator  Rigging,  Elliott’s.  R.  R.  Gaz.,  Jan.  8,  ’91. 

Influence  of  Temperature  in  Germinating  Barley.  Jour.  Chem.  Soc.,  Sept.,  ’91. 
Ingots  and  Molds  in  Bessemer  Steel  Works,  Handling  of.  Iron  Age,  Oct.  8,  ’91. 
Iron  and  Steel  Plates,  The  Manipulation  of.  Iron  Age,  Oct.  22,  ’91. 

Iron  Carbon  Monoxide.  Eng.  Min.  Jour.,  Nov.  28,  ’91. 

Jardine’s  Screw  Gearing  for  Rolling  Mills.  Eng.,  Oct.  16,  ’91. 

Johns-Hopkins  Hospital,  The.  Am.  Arch.,  Jan.  9,  ’91. 

Karum  River,  between  Shuster  and  the  Shat-el-Arab,  Notes  on  the  Present  State 
of  the.  Proc.  Roy.  Geog.  Soc.,  Oct.,  ’91. 

Lancashire  Boilers.  Eng.,  Nov.  20,  ’91. 

Lap-Welded  Steel  Pipes,  Tests  of.  Eng.,  Nov.  30,  ’91. 

Leland  Stanford  Jr.  University,  The  Technical  Courses  in  the.  Eng.  News, 
Nov.  14,  ’91. 

Liverpool  Favements  of  the  First  Class,  Description  of  the.  Eng.  Build.  Rec., 
Dec.  12,  ’91. 

Localization  and  Remedy  of  Troubles  in  Dynamos  or  Motors.  Am.  Eng.  Sept.  1 2/91 . 
Locomotive  Boiler  Water,  Treatment  of.  R.  R.  Gaz.,  Dec.  4,  ’91. 

London-Paris  Telephone.  Elec.  World,  Oct.  3,  ’91. 

Low  Grade  Copper  Ores,  Treatment  of.  Iron,  Dec.  11,  ’91. 

Low  Steel  in  the  Construction  of  the  New  Bridges  at  Dirschan  and  Marienburg, 
Germany,  Results  of  Tests  and  Experience  in  the  Use  of.  Eng.  Min.  Jour.,  Dec. 
12,  ’91. 

Lubricant  Bearing,  Holmes’.  Jour.  Frank.  Inst.,  Dec.  ’91. 

Luhrig  Coal  Cleaning  and  Washing  Plant.  Am.  Manuf.  & I.  W.,  Dec.  11,  ’91. 
Lynn  Haven  Bay  as  a Harbor  Refuge.  R.  R.  & Eng.  Jour.,  Dec.,  ’91. 

Magnetic  Concentration  of  Iron  Ore,  Practical  Results  in  the.  Iron,  Dec.  11,  ’91. 
Magnetic  Concentration  of  Iron  Ore.  Am.  Manuf.  & I.  W.,  Dec.  18,  ’91. 

Magnetic  Leakage  in  Dynamos.  Elec.  World,  Jan.  2,  ’92. 

Magnetic  Ore  at  Welden,  N.  J.,  Concentration  of.  Min.  Eng.  Jour.,  Nov.  21,  ’91. 
Magnetic  Separation  of  Ores — Paper  I.  Am.  Manuf.  & I.  W.  Jan,  8,  ’92. 
Manihotes,  The.  Am.  Jour.  Phar.,  Aug.,  ’91. 

Melting  Points  of  Minerals,  A determination  of  the.  Chem.  News,  Jan.  1,  ’92. 
Mercury,  The  Electrolytic  Separation  of  from  Copper.  Jour.  Anal,  and  Ap.  Chem., 
Sept.,  ’91. 
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Metallic  Arsenides,  The  Oxidation  of  by  the  Electric  Current.  Jour.  Frank.  Inst., 
Dec.,  ’91. 

Metallic  Salts,  Electromotive  Force  of.  Am.  Chem.  Jour.,  Nov.,  ’91. 

Mild  Steel  for  Bridge  Building,  Austrian  Tests  of.  R.  R.  Gaz.,  Nov.  27,  ’91. 

Mild  Steel  for  Constructive  Purposes.  Eng.  News,  Jan.  2,  ’92. 

Milling  Cutters,  Speed  and  Feed  of.  Eng.,  Nov.  2,  ’91. 

Mineral  Calcocite,  The  Oxidation  of  by  the  Electric  Current.  Jour.  Anal,  and  Ap. 
Chem.,  Sept.,  ’91. 

Mineral  Wool —Chemistry  Applied  to  Railroads.  R.  R.  & Eng.  Jour.,  Oct.,  ’91. 
Mold  a Cylinder  in  Dry  Sand,  To.  Am.  Mach.,  Jan.  7,  ’92. 

Molybdic  and  Tungstic  Acids,  The  Determination  of.  Jour.  Anal,  and  Ap.  Chem., 
Sept.,  ’91. 

Mullein  Oil.  Am.  Jour.  Phar.,  Dec.,  ’91. 

Musk  Ox,  The.  Pop.  Sci.  Mo.,  Jan.,  ’92. 

Nickel.  Eng.  Min.  Jour.,  Tan.  2,  ’92. 

Oil  of  Birch,  On  the  Production  of.  Am.  Jour.  Phar.,  Dec.,  ’91. 

Old  Rapid  Transit  Facilities  in  Cities.  Eng.  Build.  Rec.,  Oct.,  ’91. 

Olive  Oil  Adulteration,  and  How  to  Detect  the  Adulterants.  Jour.  Anal,  and  Ap. 
Chem.,  Oct.,  ’91. 

Opium  Smoking  by  the  Chinese  of  Philadelphia.  Am.  Jour.  Phar..,  Oct.,  ’91. 
Optical  Science  in  its  Relation  to  Electric  Lighting.  Elec.  World,  Nov.  14,  ’91. 
Origin  of  Painting,  The.  Pop.  Sci.  Mo.,  Nov.,  ’91. 

Origin  of  Petroleum,  The.  Chem.  News,  Oct.  16,  ’91. 

Origin  of  Petroleum.  Eng.  Min.  Jour.,  Dec.  19,  ’91. 

Orthoquinoline  Hydrazine.  Jour.  Chem.  Soc.,  Sept.,  ’91. 

Parallel  Motions.  Am.  Mach.,  Sept.  17,  ’91. 

Persulphates.  Jour.  Chem.  Soc.,  Oct.,  ’9:1. 

Periodic  Relations  of  the  Elements,  A Tabular  Expression  of  the.  Chem.  News, 
Jan.  I,  ’92. 

Petroleum  Oil  Engines.  Am.  Manuf.  & I.  W.,  Oct.  30,  ’91. 

Petroleum  Oil  Engines.  Eng.,  Oct.  9 and  Nov.  2,  ’91. 

Petroleum,  The  Origin  of.  Jour.  Gas  Light,  Dec.  1,  ’91. 

Persian  Desert,  Journey  Across  the  Western  Portion  of.  Proc.  Roy.  Geog.  Soc., 
Nov.,  ’91. 

Phosphates — Production  and  Consumption.  Eng.  Min.  Jour.,  Jan.  2,  ’92. 
Photo-micrography,  the  latest  improvement  in.  Eng.  News,  Jan.  2,  '92. 

Pig-Iron  Manufacture  in  the  U.  S.,  The  Development  of.  Jour.  Frank.  Inst., 
Nov.,  ’91. 

Polyphesal  Generators.  Elec.  World,  Dec.  26,  ’91. 

Port  of  Philadelphia,  The.  Jour.  Frank.  Inst.,  Jan.,  ’92. 

Pottery  Industry,  The  Rise  of  the.  Pop.  Sci.  Mo.,  Dec.,  ’91. 

Precipitation  of  Iron,  The  Electrolytic.  Jour.  Anal,  and  Ap.  Chem.,  Sept..  ’91. 
Precipitation  of  Phosphorous  from  Solutions  of  Iron  and  Steel.  Iron,  Dec.  18,  ’91. 
Precipitates,  The  Properties  of.  Jour.  Anal.  Ap.  Chem.,  Nov.,  ’91. 

“Preservaline” — A New  Preservative  for  Meat.  Jour.  Frank.  Inst.,  Nov.,  ’91. 
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Prison  Architecture,  The  History  of.  Amer.  Arch.,  Nov.  7,  ’91. 

Production  of  Coke,  Cost  of.  Amer.  Manuf.  and  I.  \V.,  Dec.  4,  ’91. 

Profile  of  a River  Bottom,  Taking  of.  R.  R.  and  Eng.  Jour.,  Oct.,  ’91. 

Projectile,  The  Path  of  a.  Jour.  Frank.  Inst.,  Oct.,  ’91. 

Projectiles,  the  Velocity  of.  Eng.,  Nov.  23,  ’91. 

Puddler,  The  Jones  Mechanical.  Am.  Manuf.  and  I.  W.,  Oct.  16,  ’91. 

Pulveriser,  The  Cyclone.  Am.  Manuf.  and  I.  W.,  Nov.  13,  ’91. 

Pump  Testing,  Weir  at  Providence,  R.  I.  Water  Works.  Eng.  Build.  Rec., 
Oct.  3,  ’91. 

Purification  of  Sewage  of  Worcester,  Mass.,  by  Chemical  Precipitation.  Jour. 
Anal,  and  Ap.  Chem.,  Oct.,  ’91. 

Purification  of  Waters.  Chem.  News,  Jan.  1,  ’92. 

Pyrites  as  a Material  for  the  Manufacture  of  Sulphuric  Acid.  Jour.  Anal,  and  Ap. 
Chem.,  Nov.,  ’91. 

Pyrophosphoric  and  Phosphoric  Acid,  Notes  on.  Am.  Jour.  Phar.,  Dec.,  ’91. 

Rail  Joints.  R.  R.  Gaz.,  Dec.  25,  ’91. 

Rail  Joints.  Proc.  Eng.  C.  of  Phila.,  Apr.,  ’91. 

Railroad  Tunnels  in  Wisconsin.  Jour.  Assn.  Eng.  Soc.,  Oct.,  ’91. 

Railway  Bridge  Designing,  Disputed  Points  in.  Eng.  News,  Dec.  12,  ’91. 

Railway  Speeds,  Past  and  Future.  Eng.  News,  Nov.  7,  ’91. 

Railway  Spikes,  Tests  of  Various  Forms  of.  Eng.  News,  Dec.  5,  ’91. 

Rain  Gauge,  Binnie’s.  Eng.,  Dec.  11,  ’91. 

Rain  Making,  Artificial.  Jour.  Frank.  Inst.,  Oct.,  ’91. 

Raw  Fuel  Gas  Process,  The.  Am.  Manuf.  and  I.  W.,  Jan.  8,  ’92. 

Refining  Steel,  The  New  Method  of.  Iron,  Oct.  23,  ’91. 

Refining  Sulphides  obtained  in  the  Lixivation  Process  with  Hyposulphite  Solutions. 
Iron,  Nov.  27,  ’91. 

Relation  of  Air  Gap  and  Shape  of  Poles  to  Performance  of  Dynamo  Electricity. 
Elec.  World,  Oct.  3,  ’91. 

Relative  Economy  of  Electric,  Cable,  and  Horse  Railways.  Eng.  News,  Oct.  24, ’91. 
Researches  in  the  Triazine  Series.  Jour.  Chem.  Soc.,  Sept.,  ’91. 

Residences,  Protection  of.  Am.  Arch.,  Oct.  31,  ’91. 

Resin  from  Fatty  Acids,  The  Separation  of.  Am.  Jour.  Phar.,  Dec.,  ’91. 

Resin  from  Fatty  Acids,  The  Separation  of.  Chem.  News,  Oct.  23,  ’91. 

Rifle  Curves.  Am.  Arch..  Jan.  7,  ’92. 

Riveted  Joints.  Eng.,  Dec.  4,  ’91. 

Rollason  Gas  Engine.  Am.  Manuf.  and  I.  W.,  Oct.  23,  ’91. 

Rolled  Table  used  in  rolling  Grooved  Iron,  Improved.  Am.  Manuf.  and  I.  W., 
Oct.  9,  ’91. 

Sabaeus,  Notes  on  the.  Proc.  Roy.  Georg.  Soc.,  Nov.,  ’91. 

Safes,  Burglar  and  Fire-Proof.  Iron  Age,  Oct.  1,  ’91. 

Saponification,  Studies  on.  Chem.  News,  Nov.  27, ’91. 

Serpollet  Boiler,  The.  Eng.,  Sept.  18,  ’91. 

Sewage,  Disposal  of.  Eng.,  Sept.  25,  ’91. 

Shaft  Coupling.  Am.  Mach.,  Sept.  24,  ’91. 
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Silicon  and  Aluminum  in  Pig-Iron,  Calorimetric  Researches  on  the  Condition  of. 
Iron,  Nov.  27,  ’91. 

Sinking  Wells  and  Shafts.  Eng.,  Oct.  16,  ’91. 

Slags,  Graphic  Method  of  Calculating.  Iron  Age,  Dec.  3,  ’91. 

Slight  Solubility  of  Chemically  Pure  Zinc  in  Acids,  The  Cause  of.  Am.  Jour.  Phar., 
Oct.  ’91. 

Slope  Stake  Setter  and  Slope  Indicator,  A New.  R.  R.  and  Eng.  Jour.,  Nov.,  ’91. 
Soap — Chemistry  Applied  to  Railroads.  R.  R.  and  Eng.  Jour.,  Nov.,  ’91. 
Somali-land,  between  Zeila  and  Bulhar,  A Journey  Through  Part  of.  Proc.  Roy. 
Geog.  Soc.,  Nov.,  ’91. 

Sources  of  Water  Supply,  Suggestions  as  to  the  Selection  of.  Eng.  News,  Nov.  7, ’91. 
Specific  Volumes  of  the  Saturated  Vapors  of  H2O,  CS2,  Ether,  etc.,  etc.,  Experi- 
ments made  to  Ascertain  the.  Jour.  Frank.  Inst.,  Jan., ’92. 

Standard  Measurements  in  Machine  Construction.  Am.  Mach.,  Jan.  7,  ’92. 
Stay-Bolts  in  Locomotive  Boilers.  R.  R.  Gaz.,  Jan.  8,  ’92. 

Steam  Boilers.  Iron  Age,  Dec.  31,  ’91. 

Steam  Engine  Fly-Wheels.  Am.  Mach.,  Aug.  20,  ’91. 

Steam  Economy  in  Rolling  Mill  Practice.  Iron  Age,  Nov.  5.  ’91. 

Steam  Engine  Efficiency.  Eng.,  Sept.  18,  ’91. 

Steam  Hose  Coupler,  Gibbs.  Eng.  News,  Dec.  5,  ’91. 

Steam  Jackets.  Eng.,  Oct.  2,  ’91. 

Steam  Jacket  on  Cylinder  Condensation,  The  Effect  of  the.  Am.  Mach.,  Aug.13,’91. 
Steam  Loop,  The.  Jour.  Frank.  Inst.,  Oct.  ’91. 

Steam  Loop,  The.  Eng.  Build.  Rec.,  Oct.  31,  ’91. 

Steamship  Propulsion,  Laws  of.  Eng.,  Oct.  16,  ’91. 

Steel  for  Springs — Chemistry  Applied  to  Railroads.  R.  R.  and  Eng.  Jour.,  Jan.  ’92. 
Steering  Gear  on  Vessels  for  Lake  Service.  Jour.  Assn.  Eng.  Soc.,  Oct.  ’91. 
Sterilized  Milk,  The  Chemistry  and  Clinical  Value  of.  Am.  Jour.  Phar.,  Sept.,  ’91. 
Stoking  Machinery,  etc.  Jour.  Gas  Light,  Dec.  8,  ’91. 

Stone  Arches,  with  Lead  Points  at  the  Key  and  Point  of  Rupture.  Eng.  News, 
Oct.  24,  ’91. 

Stoppages  in  Ascension  Pipes  of  Gas  Works,  A Simple  Method  of  Preventing. 
Jour.  Gas  Light,  Oct.  6,  ’91. 

Strength  of  Shafting.  Eng.,  Nov.  20,  23  and  27,  and  Dec.  4,  ’91. 

Structural  Wrought  Iron  and  Steel,  The  Tests  and  Requirements  of.  Eng.  Build. 
Rec.,  Nov.  7,  ’91. 

Structural  Wrought  Iron  and  Steel,  The  Tests  and  Requirements  of.  Iron, 
Dec.  25,  ’91. 

Subnormal  in  Graphical  Dynamics,  The.  Jour.  Frank.  Inst.,  Jan.,  ’92. 

Sugar  Laboratory,  Plans  for.  Jour.  Anal,  and  Ap.  Chem..  Oct.,  ’91. 

Sulphur,  Estimation  of.  Chem.  News,  Nov.  27,  ’91. 

Sulphur  from  Pig-Iron,  The  Elimination  of.  Iron,  Oct.  9,  ’91. 

Sulphuric  Acid  Solutions,  The  Densities  of.  Chem.  News,  Dec.  24,  ’91. 

Supposed  Copper  Nitride.  Chem.  News,  Dec.  24,  ’91. 

Survey  of  Illinois,  Topographical  and  Cadastral.  Jour.  Assn.  Eng.  Soc.,  Oct.,  ’91. 
Switchboards,  Fire-Proof.  Elec.  World,  Dec.  26,  ’91. 

Synthetical  Carbolic  Acid.  Am.  Jour.  Phar.,  Dec.  ’91. 
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Tausa  Dam,  The.  Eng.  Build.  Rec.,  Dec.  19,  ’91. 

Tender  on  Lancashire  and  Yorkshire  Railway.  R.  R.  Gazette,  Dec.  25,  ’91. 
Terpens  and  Camphor.  Jour.  Soc.  Chem.  Ind.,  Oct.  31,  ’91. 

Terpenes,  Researches  on  the.  Jour.  Chem.  Soc.,  Sept.,  ’91. 

Tomatoes,  The  Chemical  Composition  of  the  Fruit  of.  Am.  Jour.  Phar.,  Nov.,  ’91. 
Topographical  Survey.  Proc.  Eng.  C.  of  Phila.,  April,  ’91. 

Topographical  Survey  of  St.  Louis,  Mo.  Eng.  News,  Oct.  31,  ’91. 

Town  Refuse  and  Garbage,  Disposal  of.  Eng.,  Dec.  18,  ’91. 

Traveling  Crane,  A 150-Ton  Steam.  Am.  Mach.,  Nov.  19,  ’91. 

Tuberculin.  Am.  Jour.  Phar.,  Dec.,  ’91. 

United  States  Life  Saving  Service.  Jour.  Frank.  Inst.,  Jan.,  ’92. 

Unloading  Gravel  Trains,  New  Method  of.  Amer.  Engr.,  Sept.  19,  ’91. 

Vanilin,  A Calorimetric  Estimation  of.  Am.  Jour.  Phar.,  Dec.,  ’91. 

Vanilin,  A New  Color  Reaction  for.  Am.  Jour.  Phar.,  Nov.,  ’91. 

Vapour  Pressures  and  Molecular  Volumes  of  Acetic  Acid.  Jour.  Chem.  Soc., 
Nov.,  ’91. 

Variable  Pitch.  Am.  Mach.,  Dec.  24,  ’91. 

Ventilation  of  Tunnel  Railroads.  R.  R.  Gazette,  Oct.  30,  ’91. 

Ventilation  of  Tunnels.  Eng.  News,  Jan.  2,  ’92. 

Volcanoes  of  Connecticut,  The  Lost.  Pop.  Sci.  Mo.,  Dec.,  ’91. 

Water  Gas  on  Iron,  The  Action  of.  Iron,  Dec.  4,  ’91. 

Water  Gauge  Fittings  for  Steam  Boilers.  Eng.,  Dec.  25,  ’91. 

Water  Mains,  Discharging  Capacity  of.  Eng.  News,  Jan.  2,  ’92. 

Water  Rams  in  Steam  Pipes.  Amer.  Engr.,  Dec.  26,  ’91. 

Water  Supply  and  Public  Health.  Jour.  Anal,  and  Ap.  Chem.,  Nov.,  ’91. 

Water  Supply  for  Warsaw,  New.  Eng.  Build.  Rec.,  Jan.  2,  ’92. 

Water  Supply  of  India.  Eng.  Build.  Rec.,  Oct.  3,  ’91. 

Water  Tight  Bulkheads,  The  Spacing  and  Construction  of.  Eng.,  Nov.  2,  ’91. 
Water  Works  of  Carthage,  The.  Eng.  Build.  Rec.,  Dec.  5,  ’91. 

Webb  Compound,  The.  R.  R.  and  Eng.  Jour.,  Jan.  ’91. 

Welding  Metals  and  Spinning  and  Shaping  Tubes,  Bevington’s  Process  of.  Jour. 
Frank.  Inst.,  Nov.,  ’91. 

Wet  and  Dry  Methods  in  Chemical  Analysis,  A Combination  of.  Chem.  News, 
Nov.  10,  ’91. 

Whaleback,  The.  Iron  Age,  Jan.  7,  ’92. 

Wooten  Locomotive.  R.  R.  and  Eng.  Jour.,  Oct.,  ’91. 

Zinc  Manganese  Ores  of  Sussex  County  (N.  J.)  and  their  Treatment  in  the  Blast 
Furnace.  Am.  Manuf.  and  I.  W.,  Oct.  30,  ’91. 

Zircons  in  Preparing  Pure  Zirconic  Chlorides,  Treatment  of.  Jour.  Anal,  and  Ap. 
Chem.,  Oct.,  ’91. 

The  reader  is  referred  to  the  Index  of  the  Journal  of  the  Association  of  Engineer- 
ing Societies,  which  is  published  monthly. 
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CO  TQ 

MITMAIM, 

THE 

Artistic  Tailor, 

Cor.  Fourth  and  l\5ew  Streets, 

SOUTH  BETHLEHEM,  PA. 


BETHLEHEM,  PA. 

MRS.  M.  B.  HOPPES,  PROP’R. 


HEATED  BY  STEAM  THROUGHOUT. 


A delightful  Mountain  Resort,  on  the  line  of  the  L.  V.,  C.  R.  R.  of  N.  J.,  and 
P.  & R.  Railroads.  Two  hours  from  New  York.  One  and  one-half  hours  from 
Philadelphia.  Scenery  is  Picturesque.  Drives  are  Delightful.  Boating  is  Excellent. 
THE  HOTEL  IS  COMPLETE  IN  ALL  ITS  APPOINTMENTS. 

CUISINE  STRICTLY  FIRST  CLASS. 


GENTS’  FINE  HAND-MADE 

SHOES 

A.  SPECIALTY. 


DANCING  PUMPS 

And  Gymnasium  Slippers  in  Full  Assortment. 

Kepairing'  Promptly  and  Neatly  Done. 

J.  M.  SCHNABEL  & BRO., 

55  MAIN  STREET,  BETHLEHEM,  PA. 
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The  DEANE 

OK  HOLYOKE 

Water  Works  Engines,  Steam  Pumps, 

FOR  EVERY  DUTY. 


DEANE 


STEAM  PUMP  CO 


> Holyoke,  Mass.;  New  York,  Boston, 

/ C hicago,  Philadelphia,  St.Louis,  Denver, 
Birmingham,  Ala 


H.  Stanley  Goodwin,  President. 


Walter  G.  Berg,  Engineer.  H.  Comer,  Superintendent. 


OPERATED  BY 


The  Lehigh  Y alley  (Jreosotin 


WORKS : 

Perth  Amboy,  N.  J. 


OFFICE : 

Washington  St.,  South  of  Gap,  Jersey  City,  N.  J. 


LUMBER,  PILING  and  TIES  CREOSOTED  WITH  DEAD  OIL 
OF  COAL  TAR. 

Creosoted  Lumber,  Piling  and  Ties  Furnished. 

Cylinders  80  Feet  Long,  Capacity  400,000  Feet  IJ.  M.  per  Mouth. 

DIRECT  WATER  AND  RAIL  COMMUNICATION. 


The  report  of  the  “Committee  on  the  Preservation  of  Timber”  of  the  American  So- 
ciety of  Civil  Engineers  says  : “If  the  timber  is  to  be  exposed  in  sea  water  to  the 
attacks  of  the  teredo-navalis  and  limnoria  terebrans,  there  is  but  one  antiseptic 
which  can  be  used  with  our  present  knowledge ; this  is  Creosote  or  Dead  Oil.  If  the 
timber  is  to  be  exposed  in  a very  wet  situation,  creosoting  is  also  the  best  process  to 
use.  If  the  exposure  is  to  be  that  of  a railroad  tie,  creosoting  is  doubtless  the  most 
perfect  process  to  use.” 
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PHILADELPHIA 


fEsnSSfes^  - , 

Scale  and  Testing 


IRON  MACHINE  WORKS. 

FOUNDERS  ESTABLISHED  1846. 

Tests  of  materials  made  daily  and 
Certificates  furnished.  Reports  copied 
and  kept  confidential. 


WORKS,  9th  ST.  ABOVE  MASTER, 
OFFICE  AND  STORE,  413  MARKET  ST., 

Philadelphia,  Pa. 


40  Years  Experience,  the  Highest  Grade  of  Workmanship  and  Materials, 

COUPLED  WITH  CAREFUL  PERSONAL  SUPERVISION,  ARE  WHAT  MAKE 

Genuine  AltenederDrawinglnstruments  Standard, 


FOR  A CATALOGUE  ADDRESS 


THEO.  ALTENEDER  & SONS, 

MANUFACTURERS, 

PHILADELPHIA. 


Established  40  years. 

Each  instrument  is  stamped  with 
name  or  trade-mark  and  warranted. 


THE  DEALER  WHO  OFFERS  YOU  SOMETHING  “jUST  AS  GOOD”  INVARIABLY  HAS  “an 
AXE  TO  GRIND”  IN  THE  WAY  OF  LARGER  PROFITS  ON  AN  INFERIOR  ARTICLE. 


"Edward  TH.  "Hunf, 

HATTER  AND  GENTLEMEN’S  FURNISHER. 

FINEST  NECKMEHR. 

No.  53  Main  Street,  Bethlehem,  Penna. 


-MiMUSICAL.^ 

GUITARS  from  Martin,  Washburn,  Bay  State,  Bruno,  etc.  BANJOS 
from  Stewart,  Dobson,  Bruno,  etc.  MANDOLINES  from  Washburn,  and 
foreign  manufacturers.  VIOLINS  all  models. 

Choice  strings  for  all  instruments.  Call  on  or  address, 

KELLER  S TEMPLE  OF  MUSIC, 

219,  221  Northampton  Street,  EASTON,  PA. 


AD  VER  TISEMENTS. 


Nothing  but  what  is  the  very  Latest  in  SHOES. 

PERSON  & RIEGEL’S 

SHOE  DEPARTMENT 

IS  UNDER  THE  MANAGEMENT  OF 

J.  R.  UBERROTH. 

Agents  for  Haman  &.  Son,  N.  Y. 

PSis  « JACOBY’S 

DRUG  AND  PRESCRIPTION  STORE, 

Cor.  Fourth  and  New  Sts.,  South  Bethlehem,  Pa. 

JAMES  H.  SHERIDAN,  PHARMACIST. 

=:■■  — _--.^l=THIR0  AND  LOCUST  STS. 

SOUTH  B6THLSH6M,  PH. 

PURE  DRUGS,  FINE  TOILET  ARTICLES,  Etc.,  Etc. 


<Br.  "ty.  Z.  ^JonCZ,  ‘Dentizt, 

No.  64  SOUTH  MAIN  ST.,  BETHLEHEM,  PA. 

OFFICE  HOURS  : 8 to  12.30,  2 to  5.30. 

EDWIN  G.  KLOSE,  Manager, 

BOOKS  AND  STATIONERY. 

144  and  146  South  Main  Street,  Bethlehem,  Pa. 

>1.  A.  BEAHM,--: ' 

Maker  and  Dealer  in  Fine  Shoes. 

FINE  REPAIRING  A SPECIALTY. 

No.  40  Broad  Street,  Bethlehem,  Pa. 

EDWARD  BIERSTADT, 

-^f?eeharj)ieal  ppintii^Gj  \^)or>kg>.t* 

Established  in  1870. 

Artotyues.  AlUertyues.  Photographs  &&  Printed  in  Permanent  Ms. 

No.  94  READE  STREET,  NEW  YORK. 

A.  GRADWOHL, 

DEALER  IN 

DRY  GOODS,  NOTIONS,  GENERAL  MERCHANDISE, 

FINE  GROCERIES. 

A SPECIALTY,  CATERING  TO  CLUBS. 
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AD  VER  TISEMENTS. 


Scientific  American 
Agency  for 


For  information  and  free  Handbook  write  to 
MCNN  & CO.,  361  BROADWAY,  New  YORK. 
Oldest  bureau  for  securing  patents  in  America. 
Every  patent  taken  out  by  us  is  brought  before 
the  public  by  a notice  given  free  of  charge  in  the 

Scientific  JVtnmfiui 

Largest  circulation  of  any  scientific  paper  in  the 
world.  Splendidly  illustrated.  No  intelligent 
man  should  be  without  it.  Weekly,  £3.00  a 
year;  $1.50  six  months.  Address  MtJNN  & CO., 
FTBLISHERS.  361  Broadway.  New  York. 


TIMES  PUBLISHING  COMPANY 


Steam  Printers,  Rulers  and  Binders 

Times  Building,  Main  St. 

BETHLEHEM,  PA. 

JOS.  A.  WEAVER,  Manager 


SPECIMENS  OF  OUR  WORK 


The  Lehigh  Quarterly 


'91’s  and  '92’s  Epitomes 


The  Lehigh  University  Register 


The  Lehigh  Burr 


Your  Business  is  Solicited 


